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THE reaction of blood, as is well known, is controlled by the presence in it 
of buffer substance. The buffering of separated plasma is due to the presence 
of sodium bicarbonate. Whole blood is more perfectly buffered than separated 
plasma, owing to a contribution of 
the red corpuscles. These different 
degrees of buffering are illustrated 
in the carbon dioxide reaction curves 
(R-CO, curves) shown in Fig. 1, 
which represents the change in 
reaction (P},) with change in the 


carbon dioxide pressure of water 
or any dilute unbuffered solution 
(very approximately) of a separated 
plasma, a blood, and of a hypo- 
thetical perfectly buffered solution 
of neutral reaction. It will be seen 
that blood approaches more nearly 
to the perfectly buffered solution 
than does plasma, which neverthe- 
less shows quite a good buffering 
power. The superior buffering of 
the blood is dependent on its 
hemoglobin content; the greater this is, the more nearly does the reaction 
curve approach to that demanded of a perfectly buffered solution and vice 
versd. The reasons for this will be discussed elsewhere. The buffering of 
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drawn plasma, which is not fundamentally different from that of any other 
aqueous solution, I have called primary or direct buffering. The better 
buffering of blood is due to what may be called secondary or indirect buffering, 
which is accomplished by the corpuscles. The corpuscles, by reason of an 
ionic interchange with the plasma (Hamburger) (’) virtually yield alkali 
(sodium bicarbonate) to the plasma, under all circumstances (e.g. dilution, 
addition of CO,) which tend to render the blood more acid; the alkali is 
refunded again by a reversal of the same mechanism when there is any 
tendency for the blood to become more alkaline. The ratio [NaHCO,] : [CO,], 
on which the reaction depends (L. J. Henderson) (*), is thus kept much more 
nearly constant in the plasma of whole blood than in separated plasma.* 

The reaction of a blood is that of its plasma in contact with the corpuscles. 
Various methods have from time to time been employed for the determination 
of the hydrogen ion concentration of blood, but none of them are so simple 
and direct as the indicator method, a modified form of which was recently 
described by Dale and Evans. (*) 

Since the reaction of blood depends on the ratio NaHCO, : CO, in its 
plasma, it is clear that when one of these is altered disproportionately to the 
other the reaction will change, whereas if both are altered in the same propor- 
tion no change in the reaction will take place. Accordingly we have 
distinctions drawn between “ compensated acidosis’ (lowering of bicarbonate, 
i.e. of alkali reserve, together with proportional reduction of CO,), and 
“uncompensated acidosis”’ (a greater reduction in the alkali reserve than in 
the CO,). A rise of CO, content with no change in the alkali reserve would 
also produce an “acidosis,” as in cardiac dyspnoea, but of a different type. 
Increase in the ratio NaHCO, : CO, would cause a more alkaline blood, and 
this is often termed “ alkalosis”’; like an acidosis it can be compensated by 
simultaneous change of the CO, pressure. It is clear that the determination 
of the alkali reserve (NaHCOQ,) of the plasma can by itself give no information 
as to the reaction of the blood, because it is impossible to say whether any 
change in the alkali reserve is compensated or not. But given two factors out 
of the three (Py, CO, pressure, NaHCO, content, of the blood) we can get 


information regarding the third. Hasselbalch’s method of calculation could 
be applied to find the Py where the second and third factors (blood CO, and 


alkali reserve) are known, or the ratio of alveolar CO, to plasma CO, would 
itself give some measure of the acidity of the blood (Peters).(4) Since the 
estimation of the alveolar carbon dioxide pressure presents a good deal of 
difficulty it would appear to be simpler to determine the blood reaction directly, 
and if the alkali reserve is also determined it is possible to draw some inferences 
with regard to the carbon dioxide pressure of the circulating blood. 

By also determining the corpuscular volume by the hematocrite and the 
oxygen capacity or hemoglobin content, much information regarding the 
regulation of the reaction of the blood and the causes of changes in the reaction 
can be obtained. In any investigation on blood reaction all these data should, 
if possible, be obtained. 

* A valuable account of the blood buffers has appeared while this paper was in the press: 


“The Carbon Dioxide Carriers of the Blood,” by D. D. Van Slyke, Physiological Reviews, 
vol. i, p. 141. 
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These methods are applied in the present paper to the study of the effects 
of hemorrhage on blood reaction. 


METHODS. 


Cats were bled, under general anesthesia, from cannule in the carotid 
artery. A sample of the blood was run direct into one of the dialysers for the 
determination of the reaction as described by Dale and Evans.(*) A second 
sample of blood was collected and mixed with a little solid potassium 
oxalate, beneath a layer of liquid paraffin contained in a centrifuge tube, 
centrifuged, and the plasma withdrawn for determination of the alkali reserve. 
A third sample of oxalated blood was collected for determination of the 
hemoglobin content. 

Rabbits were bled, without anesthesia, from an ear vein. For the 
construction of the R-CO, curve portions of the blood were brought into 
equilibrium with air containing known pressures of CQ,, and samples of the 
equilibrated blood were used for determination of the Py. Plasma was 


separated under liquid paraffin from the blood equilibrated with 42 mm. CO, 
(my own alveolar air). 

Alkali reserves of blood and plasma were determined by the method of 
Van Slyke (®), oxygen capacity by Barcroft’s method (°) and corpuscular 
volumes by the hematocrite. 


THE IMMEDIATE EFFECTS OF H#MORRHAGE. 


Results obtained by several independent observers (see Medical Research 
Council (’), Milroy (*)) have shown that the alkali reserve of the blood-plasma 
is lowered immediately after a large hemorrhage, and that the blood, at a 
given pressure of carbon dioxide, is then more acid than normal blood. The 
lowering of the alkali reserve after the withdrawal of moderate amounts of 
blood appears to be due principally to dilution of the blood with tissue fluids 
of lower bicarbonate content. After very severe hemorrhage, however, 
another factor comes into play, viz. the production of fixed acids as # result of 
inadequate oxygen supply. Increased respiratory ventilation called forth by the 
increasing acidity of the blood may, within limits, compensate for the lowering 
of alkali reserve due to either or both of these causes, and may restore the blood 
to its original reaction ; “air-hunger’’ therefore does not necessarily always 
mean the same thing as oxygen lack, though oxygen lack due to hemorrhage 
is always associated with air-hunger. Whether the reaction of the circulating 
arterial blood in air-hunger following hemorrhage is more acid than, or 
identical with, or more alkaline than that of normal blood depends on whether, 
the increased ventilation by the lungs inadequately, exactly, or over-compen- 
sates the fall of alkali reserve, however this may have been produced. Experi- 
ments I and II illustrate cases of under- and over-compensation respectively. 
Whether the respiratory response under- or over-compensates for the change 
in alkali reserve apparently depends ultimately on whether the respiratory 
centre is respectively less or more excitable than before. 

In Experiment I there was an uncompensated or only partially compen- 
sated acidosis. 
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EXPERIMENT I.—Cat, 2300 grm. Under Urethane. 


Arterial blood as drawn. 
TTT, 
Total amt. Carotid B.P. Alk. res. Pj; of blood. Hemoglobin 
blood drawn. plasma. per cent. 
5 c.c. 170 : 38 : 7°45 
49 ,, , 38 : — : 
69 ,, ; 68 ; 26 : 731 


EXPERIMENT II.—Cat, 2600 grm. Urethane. 
Arterial blood as drawn. 


LR nee In, 
Time. Total amt. Carotid B.P. Alk. res. Pj, of blood. Hemoglobin 
blood drawn. plasma. per cent. 


3.39 , 5 cc. ‘ 148 ; 44 : 7°25 : 

3.57 . ae ‘ 110 ‘ 33 j 7°38 oy ae 

3.58 Rapid shallow breathing sets in and lasts till 4.45, when it gets 
very slow. 

4.37 , 66 c.c. ; 72 : 27 : 7°38 — 

4.45 Respiration becomes very slow. 

4.55 — . 50 , 27 ‘ 7°30 . 

5.15 . Respiration stops. Gave artificial respiration slowly. 

5.52 . 71 c.c. ; 32 ‘ 16 ’ 715 . 50 


In Experiment II, so long as the high rate of ventilation persisted, the 
blood after heemorrhage was, in spite of the lowered alkali reserve of its plasma, 
less acid than that of the same (anesthetised) cat previous to bleeding, but 
when the respiration became slow and the circulation also began to fail, an 
acidification, due apparently to oxygen lack, set in. Ultimately the respiration 
stopped and slow artificial respiration was given, but the circulation still 
continued to fail, and the alkali reserve of the plasma to fall; the blood then 
became very decidedly acid. 


EXPERIMENT III.—-Cat, 2000 grm. Urethane. Cyanide Solution 
Injected into the Femora! Vein. 


Arterial blood. 


Alkali Py: Hemoglobin Remarks. 
reserve. per cent. 

40 . 7385 . 80 . Quiet respiration of 
normal anesthetised 
animal. 

oS tt. : , 74 .. One minute after last 
of six doses of 
1 c.c. N/100 NaC.N. 
During the admini- 
stration violent 
hyperpnoea followed 
by dyspnea, 
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The effect of oxygen lack of the tissues in producing fixed acids which 
enter the blood is well seen in cyanide poisoning, in which the oxygen usages 
of the tissues is transitorily much depressed. The hyperpnoea seen in the 
early stages of the effect is, as I have shown (°), due to an effect of such acids 
on the respiratory centre. The effect on the reaction of the blood is shown by 
Experiment ITI. 

In a similar experiment the blood after the administtation of cyanide was 
found to contain 0°045 per cent. of lactic acid, which was separated in the 
form of well-shaped crystals of zinc lactate. Whereas the urine in the bladder 
at the commencement of the experiment had an acid-base ratio expressed by : 
8°3 c.c. N/10 alkali to neutralise 10 c.c. to phenolphthalein : 9°4 c.c. N/10 acid 
to neutralise 10 c.c. to methyl orange = 0°88, that at the end was expressed 
n the same terms as 3°8 : 3°8 = 1°0, 7. e. it was more dilute and more acid. 
The kidney had already commenced to eliminate more of the acid phosphate, 
and so to contribute to a restoration of the normal reaction of the blood. 

The state of anesthesia is not responsible in these experiments for the 
reduced alkali reserve of the blood after hemorrhage, since blood drawn 
without anesthesia shows the same lowering of alkali reserve. 


EXPERIMENT IV.—Rabbit, 2000 grm. Bled from Ear Vein; no Anaesthetic. 


Time. 

11.30 Bled 25 c.c. alkali reserve of blood = 53 per cent. Alkali reserve of 
plasma separated from blood in vitro at 42 mm. CO, = 52 per cent. 

12.30 Bled 15 c.c. alkali reserve of blood =45 per cent. Alkali reserve of 


plasma im vitro at 42 mm. = 87 per cent. 


THE REACTION OF THE BLOOD IN SECONDARY ANZMIA. 


The question of the duration of the acidosis resulting from hemorrhage 
and of the form of the COQ,-reaction curve of the blood was investigated 
on rabbits, owing to the convenience with which these animals can be 
painlessly bled from the ear without the use of anesthetics. It should be 
emphasised, however, that for such experiments on rabbits, constancy of 
the diet is of great importance. This was shown by Hasselbalch ('°), and 
I have had abundant opportunity of confirming it. Lower alkali reserves 
are obtained with a diet of mangolds than with a mixed diet of oats, 
mangolds and bran. The mean alkali reserve of the blood of three rabbits 
fed on the mixed diet and kept out of doors was 63 per cent., when on the 
same diet and kept indoors 65 per cent., and when fed and kept indoors 
on mangolds (three days) 59 per cent. If for any reason an animal refuses 
to take food, the alkali reserve also goes down. 

The CO,-reaction curves were followed from time to time on one rabbit 
which was bled at intervals. Alkali reserves, oxygen capacities and 
corpuscular volumes were also determined on this rabbit, but in order to 
exclude irregular variations they were also observed on three other rabbits, 
on which also the reaction of the urine was followed. Figs. 2 and 3 give 
the results of the experiments on the R-CO, curves. The numbers on the 
curves refer to those of the sample numbers in the first column, Table I. 





C. LOVATT EVANS. 


TABLE I. 


EXPERIMENT 5.—Rabbit, 2°3 kgrm. Blood Reaction Curves at 38°C. 
Zero day was the day of commencement of the experiment. 


Blood Alkali Alkali reserve 
sample. ee O, capacity. reserve of plasma drawn 
Volume. " : blood. at 42 mm. CO,. 


0 2 50 <6... 26°5 
1 , + @d ae 
S543. ap ~ 386 
a ; ae 
19... @») .. “£8 
21 . 85 eG 


It will be seen (Fig. 2) that the day after the first bleeding the blood 
is much more alkaline than it was to begin with, and this alkalinity is 





Fies. 2 AnD 3. 


not lost even after eighteen days, by which time there has been an 
over-compensation both of corpuscular volume and oxygen capacity. Starting 
again at the eighteenth day (Fig. 3), it is seen that repetition of the bleeding 
does not lead to another rise, but eventually, when the bleeding had been 
rather excessive, to a definite fall. The increased slope of the reaction curves 
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shows the effect on the buffering power of the removal of corpuscles. Curve 4, 
Figs. 2 and 3, represents a buffering value at least equal to normal, though 
the whole curve is at a more alkaline level, but curves 2 and 3, as compared 
with 1 and 4, or 5 and especially 6, which, being nearer the same level, is 
more strictly comparable with 4, show that for a given rise of COs pressure 
the Pj, changes far more in the anemic than in the normal blood. Thus, 
for a rise of CO, pressure from 30-50 mm., curves 1 and 4 show a fall in Py 
of 0°12, whereas 2, 3, 5 and 6 show 0°17, 0°26, 0°24 and 0°20 respectively. 

These abnormally steep curves would mean that the anemic animal would 
be dyspnoeic, or would become so on the slightest exertion, being abnormally 
liable to an acidosis, were it not for the fact that the alkali reserve of the whole 
blood is so raised as to put the curve above the possibility of such a thing 
happening. If, however, the reduction of the corpuscles is carried to such an 
extent that a lasting oxygen lack is established, then the alkali reserve of the 
blood is reduced again, and a vicious circle sets in. 

The next experiment is one in which the recovery from a large 
hemorrhage was traced at intervals during three weeks, at the end of 
which the effects of the hemorrhage had been recovered from. 


EXPERIMENT 6.—Rabbit, 2 kgrm. 





Time from Vol Alkali ; P a le 5: 
commencement. Phone alr reserve: | Corpuscular| Hemoglobin a trea chk ride ™ 5 


taken. ; eal in plasma. | in plasma. 


Beds volume. per cent. 
Blood. |Plasma. 


Days. | Hours. 


0 


50 c.c. 655 "592 
10 j : 542 600 


” 


bo bo 


"548 592 


548 "598 
‘586 610 
605 635 
602 612 
655 625 





OoOoCoooonake © 











It is seen that the first fall in the alkali reserve of the plasma, which 
is associated with dilution of the blood, has passed off in twelve hours: 
thereafter the alkali reserve persists with fluctuations at a high level for 
two or three weeks. When the serum proteins, corpuscular volume and 
hemoglobin content of the blood are restored to their original level, the alkali 
reserve also falls. 

In order to exclude the irregular variations in the plasma alkali reserve in 
the rabbit an experiment was carried out simultaneously with three rabbits, 
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the effect of variation of diet being also studied. The figures for acidity and 
alkalinity of the urine, which are also given, show the number of cubic 
centimetres of N/10 alkali or acid which would be needed to neutralise the 
day’s urine to phenolphthalein or methyl orange. Figures for carbonate of 
urine, if any, represent the number of cubic centimetres of N/10 acid to 
neutralise the day’s urine to phenolphthalein. Mean values for the three 
animals only are given, so that figures for both acid (¢.e. for urines acid to 
phenolphthalein) and carbonate (i.e. urines alkaline to phenolphthalein) 
appear. Both of these are small, the significant titre being the alkalinity, to 
which, in the determination of the acid-base ratio, the carbonate figures were 
added. 


\Per cent. Twenty-four hours’ urine. 
| | alkali 


j 


—— Ratio, alk. 
Treatment. | reserve Vol. Acidity. Alkali- + Car- | + carb.: 
| blood. | nity. bonate. | acid. 


Date. 


| 





27.1.21 | Out-door: mixed| 63 | 71 . 18 
diet of mangolds, | | 

oats and bran | 
29.1.21 | Indoor: ditto 65 88 « 16496.) & 
2.2.21 Mangolds for | 59 | - 80 . 2614+15 | 87 
three days indoors | 
3.3.21 | 26 hours after re-|; 69 168 . 53 . 80+0°0 15 
moval of 2°5 per | 

cent. of body- 
weight of blood. 

Same diet. | 
| Next day. Same/| . 230 . 185 + 0°0 
diet. | | 


103+89 | 62 














| 


The results show clearly that the increased alkali reserve of the blood is 
associated with, and possibly assisted or produced by, an increased output of 
acid by the kidneys. If the ammonia excreted in the urine had also been 
determined the total acid excretion as measured by acidity plus ammonia 
would probably have appeared even larger than that shown above (Hasselbalch 
()), Fitz and Van Slyke (*)). A further contribution to the rise of alkali 
reserve of the blood might be made by a more complete absorption of the 
inorganic constituents of the food or by the taking of larger quantities of food, 
though there is good reason to believe that this was excluded in the above 
experiment. For a general account of the relations of the kidneys and lungs 
to blood reaction see Macleod.('*) Full references cannot be given here. 

In an experiment on a cat the alkali reserve of the blood was 49 per cent. ; 
of the plasma drawn from it at 42 mm. CO,, 48 per cent.; twenty-four hours 
after withdrawal of 25 c.c. of blood the values were 52 per cent. and 50 per 
cent. respectively. Here also there is a slight, but definite, rise in the alkali 
reserve of the blood, and not, as is always the case immediately after the 
hemorrhage, a fall. 
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The results would appear to have a definite biological significance. 
Increased alkalinity of the blood is, within limits, less likely to be attended 
with untoward results than is increased acidity. If the alkali reserve of the 
blood in secondary anemia were the same as in the normal individual, any 
physical exertion sufficient to cause anoxemia could easily lead to a definite 
acid reaction because of the greatly reduced buffering effect of the corpuscles ; 
this is guarded against by an over-compensation of the alkali reserve. 
Probably these effects are more clearly seen in the rabbit than in many other 
animals or in man, because in the rabbit the respiratory centre is not 
sensitive enough to compensate for very small changes in the blood reaction. 

Observations on the carbon dioxide content of human anemic bloods, which 
possibly have a similar significance to those described above, have been made 
by Bieling ('*) and by Barr and Peters.(") 

It is quite likely that the respiratory centre is set to respond to a 
different reaction of the blood in these cases where the alkali reserve of the 
blood is greatly altered. If this is so, then no exact conclusions as to the 
carbon dioxide pressure in the alveolar air or blood can be drawn from 


Fia, 4. 


the R-CO, curve. That this is so is indicated by numerous clinical cases 
where there is a lack of correspondence between alveolar CO, and plasma 
bicarbonate, without there being any evidence that the respiratory centre is 
unduly active or the reverse. 

What really seems to be of the greatest importance is the avoidance of too 
great an acidity. The breathlessness of anemic subjects is explicable from 
the steep slope of the R-CO, curve. Exercise, especially if severe enough to 
give rise to anoxemia and so to the production of fixed acids, produces a more 
rapid change in the blood reaction, and the respiratory centre responds 
vigorously, not because the blood is now more acid than, or even as acid as, a 
normal resting blood, but because the centre is now tuned up to maintain a 
reaction well on the alkaline side of the normal. The mechanism by which 
the excitability of the respiratory centre is modified is probably the oxygen 
tension of the blood by which it is supplied (Hasselbalch ('°)). 

The response of the blood reaction in anemia is apparently different from 
that in other states in which the blood reaction is liable to alteration. Fig. 4 
shows a comparison of normal blood with that from the same animal rendered 
nephritic by the subcutaneous injection of uranium nitrate sixty hours previously. 
The anemic blood shows a reduced buffering power as judged by the slope of 
the curve, but the alkali reserve of the blood, very low to begin with, shows no 
change in the direction of compensation. ; 
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CONCLUSIONS. 


Although the immediate effect of hemorrhage is a lowering of the alkali 
reserve of the blood, the response of the respiratory centres may partially 
compensate, or even over-compensate, for this change, so that the circulating 
blood may be either more acid, or less acid, or of the same reaction even after 
as before the hemorrhage. After twelve hours the reduction in alkali reserve 
is compensated, owing to increased excretion of acid by the kidney; subse- 
quently the alkali reserve of the blood may become higher than the normal 
and remain at this level until the corpuscular regeneration is complete. The 
response is a protective one against acidosis. 
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HavinG had a case of paroxysmal hemoglobinuria under observation for 
about eighteen months, we have taken the opportunity to re-examine the 
mechanism of the autolysis which produces the attacks of hemoglobinuria, 
with the object of ascertaining, first, whether the reaction, shown by Eason, 
and Donath and Landsteiner to occur im vitro, suffices to explain the 
production im vivo of hemoglobinemia and hemoglobinuria, and secondly, 
of extending the work of these authors, and of finding, if possible, a solution 


of certain observations such as the absence of hemolysis after prolonged 
exposure of red cells and serum at 0°C., for which so far as we are aware 
no satisfactory explanation has hitherto been furnished. 

In our earlier experiments we repeated and, in the main, confirmed the 
in vitro observations of Eason ('), Donath and Landsteiner (**) and Widal 
and Rostaine (* * ®). We also repeated the classical in vivo experiments 
of Ehrlich. As a result of these preliminary observations, we were greatly 
impressed with the fact that the amount of hemolysis obtained in the in vivo 
experiments was about ten times as great as that obtained in the in vitro 
experiments with whole blood, or with a mixture of serum and red cells in 
the proportion in which they are found in the circulation. 

With the object of obtaining a solution of this anomaly experiments 
were undertaken to determine, firstly, the shortest period it was necessary 
to keep the mixture of serum and erythrocytes at 0°C., and, secondly, the 
minimum extent to which it was necessary to lower the temperature of 
the mixture, in order to obtain the maximum degree of hemolysis in vitro 
(Tables I, II and III). 

As a result of the two series of experiments outlined in Tables I, II and 
ITI, it follows that in order to obtain the greatest degree of hemolysis in vitro 
it is necessary to reduce the mixture of serum and erythrocytes to at least 5° C. 
for at least six or seven minutes. These conditions were, however, satisfied 
both in our in vivo experiments and also in our in vitro experiments with 
whole blood or with mixtures of serum and erythrocytes in the proportion in 
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TABLES I anp II.—Showing the Result of Subjecting Mixtures of Hemo- 
globinuric Serum and Erythrocytes to a Temperature of 0°C. for 
Varwus Periods. 


Table I: A weak suspension of erythrocytes was used. 


Patient’s 1 micages sy rer Time mixtures 
in ‘9 per cent. NaCl. maps ab OO - 
c.c. Gc. Minutes. Deposit. Supernatant fluid. 
1 0 , 5 : Full ; Nil 

1 . Almost full . Very light red 

2 i . Light red 

3 : cA ; Red 

4 . About 4 

5 . About 4 

60 Nil 


Result after 1 hour at 37°C. and 


centrifuging. 
— CC OC 


serum. 


Table II: A concentrated suspension of erythrocytes was used. 


Result after 1 hour at 37°C. and 
centrifuging. 
a ~ = 


Patient’s Patient’s red cells, Time mixtures 


serum. concentrated suspension. kept at 0°C. pa am 
c.c. c. Minutes. Deposit. Supernatant fluid. 


1 . Almost full . Faint red 
4 , 3 ‘ Red 
7 .  Alittle . Deep red 
10 ; 
15 
60 


TABLE III.—Showing the Result of Cooling the Mixture of Hemoglobinuric 
Serum and Erythrocytes to various temperatures. 





eat Result after niin at the followi ing attenuate for 
Hemoglo- Patient’s red 1 hour and then at 37° C. for 1 hour. 
binuric | Cells. 1 per | “9 per cent. | 
canis cent. sus- saline. Degree of hemolysis. 
; pension. 





c.c. c.c. Cc. a ric, BC. 0° C. 


| 
| 
| 


10 Trace? “Complete Complete 
1° ' Nils 3 ss + 
1 : Nil | Trace i Almost 

| complete 
1° : a wae a ee | Slight 
1 : Nu Nil Nil 


' 


Complete 
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which they exist in the circulating blood. Why then did so much more 
hemolysis take place in vivo (3-4 per cent.*) than im vitro (0°3 per cent.) ? 
Whilst casting round for an explanation it occurred to us that possibly the fact 
that in the im vitro experiments the blood was kept at 0°C. for one hour, 
whereas in the in vivo experiments the finger was immersed in ice-water for 
five minutes only, might account for the discrepancy. Investigation proved 
this actually to be the case: when in later in vitro experiments the blood was 
exposed to a temperature of 0° C. for five minutes only, instead of for one hour, 
hemolysis took place equal in amount to that occurring im vivo in the finger- 
immersion experiments, viz. 3-4 per cent. 

We were therefore confronted with the remarkable paradox that incubation 
at. 37°C. for one hour of whole blood (whether oxalated, defibrinated, or allowed 
to clot) previously exposed to a temperature of 0° C. for a period of sixty 
minutes resulted in but comparatively little heemolysis (0°3 per cent.), whereas 
when the exposure to 0° C. was for five minutes only, hemolysis of at least 
ten times the amount was obtained. With the object of obtaining more 
precise information on this subject two experiments were performed. 

Experiment 4.—In the first experiment, blood (Table 4 A) withdrawn from the median 
basilic vein was put immediately into a series of tubes standing on ice (about 0°5 ¢.c. into 
each tube) ; the various tubes were left on ice for periods varying from half a minute to 
twenty-four hours and then were placed in a water-bath at 37° C. for one hour, the amount 
of hemoglobin in the serum being consequently determined. In the second experiment 
(Table IV 8), instead of whole blood a mixture of serum 6 volumes + erythrocytes 4 volumes 
(this being approximately the proportion in which the liquor sanguinis and erythrocytes were 
present in the circulating blood) was employed and the experiment continued as in a. 


The results of these experiments showed clearly that the amount of 
hemolysis occurring varied in a striking manner with the length of time 
the blood was kept at 0°C. The percentage of hemoglobin free in the 
serum rose rapidly until a maximum was obtained after an exposure to 
cold of from 5 to 7°5 minutes. When the cooling was prolonged beyond 
this limit the amount of hemolysis occurring rapidly diminished, until after 
30 minutes only 10-15 per cent. of the maximum hemolysis was obtained. 
It will be observed, however, that even after 24 hours at 0°C. some hemolysis 
did take place, and that the quantity was greater in the case of the 
mixture of serum (6 parts) and red cells (4 parts) than in that of the 
whole blood which was allowed to clot. Similar experiments in which 
the blood or mixture of serum and red cells was kept at 0°C. for 24 hours 
amply confirmed this; sometimes the amount of hemolysis obtained was 
distinctly less than in Experiment IV, but in the case of the mixture of 
serum and red cells it was always greater than in the case of the clotted 
blood. 

These observations confirm in the main Donath’s and Landsteiner’s 
statement that 12 hours’ exposure of hemoglobinuric blood at 0°C. was not 
followed by hemolysis when the blood was subsequently placed in the 


* The amount of hemoglobin contained in the serum or plasma was determined with the 
aid of a Zeiss comparison spectroscope as described by Barratt and Yorke (8). It should be 
understood that when we state that serum or plasma contains a certain percentage of 
hemoglobin we mean that there is in it as much hemoglobin as in a solution containing a 
similar percentage of normal human erythrocytes. 
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incubator at 37°C. As in practically all the experiments recorded in the 
papers of these authors and in those of Widal and Rostaine the time of 
exposure of the blood at 0°C. was at least half an hour, it would appear 
that these workers failed to realise what an important factor the time of 
exposure at 0°C. was in the reaction. 


TABLE IV.—Showing how Time of Exposure of Blood, or of a Mixture of 
Serum 6 vols. and Erythrocytes 4 vols., to Cold (at 0° C.) influences the 
Degree of Hemolysis which results after subsequent exposure to 37°C. for 
one hour. 


Percentage.of hemoglobin free in serum. 
A 


: : Time left in 
Time left on ice A B 
© water-bath at : 
at 0-1°C. 87°C. In experiment performed a. 
with whole blood 6 vols., erythro- 


Minutes. Minutes. allowed to clot. cytes 4 vols. 


0 
5 : } ; z : — 
1:0 ; ) : ; ; 3°6 
3°0 : $ >" , 5°75 
5°0 : ) : x : 6°75 
75 ; ) : 4 ‘ 6°75 
10°0 : ‘ ‘ : 5°0 
12°5 : } : ; . 4°5 
15°0 : } : ; . 4:0 
20°0 ; : : . a 
30°0 ; ; ‘ ; a3 
450 : } : : d oo 
60°0 % ; 
90°G 
120°0 
150°0 
240°0 
300°0 
24 hours 


WHY IS PROLONGED COOLING NOT FOLLOWED BY HZMOLYSIS? 


Whereas Donath and Landsteiner, in explanation of their observation that 
when the exposure of hemoglobinuric blood at 0° C. was prolonged to 12 hours 
hemolysis did not subsequently take place at 37°C., merely stated that a 
further change must have occurred after the absorption of the lysin by the 
erythrocytes, Widal and Rostaine considered the phenomenon to afford strong 
support to their “insufficiency of antisensibilisatrice” theory. As, however, 
Widal and Rostaine’s interpretation appears to depend on hypothesis and not 
on experimental evidence, it can hardly be regarded as convincing, and conse- 
quently the following experiments were devised with the object of investigating 
the explanation of the paradox. 
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Experiment 5.—January 12th, 1919: Blood was withdrawn from median basilic vein: some 
of it was put into a solution consisting of 1 per cent. sodium chloride in distilled water, and 
the rest allowed to clot at 37°C. for a couple of hours, the serum then being removed from 
the clot. The oxalated blood was immediately centrifuged, and the red cells, after removal 
of the oxalated plasma, washed thrice with normal saline ; finally a 1 per cent. suspension of the 
washed red ceils was made in normal saline. 

Hemoglobinuric serum (4 ¢.c.) was then added to hemoglobinuric erythrocytes (1 c.c.), and 
the mixture allowed to stand 24 hours at 0° C., as were also the rest of the hemoglobinuric 
serum and the red cells and those from the normal individual. 

January 13th, 1919.—Serum and washed erythrocytes were again obtained from the hemo- 
globinuric patient, and from the normal individual, in the usual manner. The mixture of 
serum (4¢.¢.) and red cells (1 ¢.c.) which had stood all night on ice was centrifuged, the serum 
decanted, and the red cells washed thrice in iced saline solution. This serum is designated 
“treated” serum and the red celis “ treated ” red cells. 

The following mixtures were then made, and after standing 5 minutes on ice, were placed 
in a water-bath at 37°C. for 1 hour; the degree of hemolysis was then determined. The 
results are shown in Table V : 


TABLE V. 


Result after 
keeping 5 minutes 


Serum 
4 volumes. 


“Treated ”’ 


” 


” 


. Hemoglobinuric kept at 0°C. 
for 24 hours 
Ditto 


9? 


” 
Hemoglobinuric fresh 


”? 


” 


. Normal human kept at 0°C. 


for 24 hours 
Ditto 


> 


” 
Normal human fresh 


Red cells 
1 volume. 


‘Treated ”’ 


. Hemoglobinuric kept on 


ice for 24 hours 
Hemoglobinuric fresh 


. Normal individual fresh . 


. “ Treated ”’ 


: Hemoglobinuric kept at 


0° C. for 24 hours 
Hemoglobinuric fresh 
Normal fresh 
“Treated ”’ 


Hemoglobinuric kept at 


0° C. for 24 hours 
Hemoglobinuric fresh 
Normal fresh 
“Treated ” 


Hemoglobinuric kept at 


0° C. for 24 hours 
Hemoglobinuric fresh 
Normal fresh 
“ Treated ”’ 


Hemoglobinuric kept at 


0° C. for 24 hours 
Hemoglobinuric fresh 
Normal fresh 


at 0°C., and 
1 hour at 37°C. 
Percentage of 
hemoglobin. 


18 
14 


‘08 
08 
3°9 
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This experiment shows : 

(1) That merely allowing hemoglobinuric serum to stand (in the absence 
of erythrocytes) at 0° C. for 24 hours lessens its auto- and iso-lytic action, but 
only to a comparatively slight degree. 

(2) That normal human serum which has stood (in the absence of erythro- 
cytes) at 0° C. for 24 hours produces slightly less hemolysis when added to 
erythrocytes which had been in contact with hemoglobinuric serum for 24 
hours than does fresh normal human serum. 

(3) That hemoglobinuric serum which has been in contact with hemo- 
globinuric erythrocytes for 24 hours at 0° C. loses its power to hemolyse the 
erythrocytes either of the hemoglobinuric himself or of a normal individual. 

(4) That hemoglobinuric erythrocytes which have been in contact with 
heemoglobinuric serum for 24 hours at 0° C. and then washed thrice with iced 
saline are loaded with lysin, as hemolysis occurs not only when they are 
treated with fresh hemoglobinuric serum, but also wlien they are treated 
with normal human serum. It will be observed that this is at variance with 
the statement by Widal and Rostaine, that red cells which have been in 
contact with hemoglobinuric serum for 12 hours have lost the power of being 
hemolysed by their own or normal human serum. 

It is clear from Experiment 5 that the comparatively slight degree of 
autolysis which results when such mixtures of hemoglobinuric serum and 
erythocytes are placed in a water-bath at 37° C. after a 24 hours’ sojourn at 
0° C. cannot be explained on the assumption that the red cells have failed to 
absorb immune body, since when normal human serum is added to red cells 
which have previously been in contact with hemoglobinuric serum for 24 
hours at 0° C. a considerable degree of hemolysis results. It would rather 
appear that the absence of autolysis in such cases must depend on a deficiency 
of complement in the serum (after 24 hours’ contact ‘with red cells at 0° C.) 
at the time the mixture was put into the water-bath at 37°C. In order to 
examine these questions more fully the following experiment was devised : 


Experiment 6.—Serum and washed erythrocytes were prepared from the hemoglobinuric 
patient and from a normal individual in the manner already described (Exp. 5). Mixture 
A consisted of hemogloebinuric serum (6 vols.) + hemoglobinuric erythrocytes (4 vols.). 
Mixture B consisted of hemoglobinuric serum (19 vols.) + hemoglobinuric erythrocytes 
(1 vol.). These mixtures were placed in a number of tubes and allowed to stand at 0° C. 
for periods varying from 5 minutes to 24 hours, as shown in Table VI; they were then 
centrifuged and the serum examined for hemoglobin and for the presence of autolysin 
(immune body) and complement. The test for immune body was carried out by adding to 
4 vols. of the various sera 1 vol. of hemoglobinuric erythrocytes, the mixture, after standing 
at 0° C. for 5 minutes, being centrifuged on ice and the serum removed; normal human 
serum (4 vols.) was then added to the red-cell deposit as complement, and after incubation 
at 37° C. for 1 hour the degree of hemolysis determined (Table VI). In order to test for 
complement, 1 volume of a 5 per cent. suspension of sheep’s red-cells, sensitised by the 
addition of the requisite quantity of inactivated immune rabbit serum, was added to various 
quantities of the sera, and the smallest quantity of serum necessary to produce complete 
hemolysis in 1 hour at 37° C. ascertained. 


The results obtained from this experiment may be summarised as follows : 

(1) The decrease in hemolysis which results after prolonged contact of 
red cells and serum at 0° C. is greater in A than in B—.e. is greater where 
the concentration of red cells is greater. 
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TABLE VI.—Showing the Amount of Hemolysis which resulted after allowing 
Mixtures A and B to stand at 0°C. for various periods; and also the 
Results of Examining for Autolysin and Complement the Sera after they 
have been in contact with red cells at 0°C. for varying periods. 





Result of examination of sera for— 





7 


Immune Complement. 





Time mixtures kept 
t O°C. 





Control 


hb serum. 


1 
2 


| 





A 
| A 
| A 
| A 

A 
| A 
| A 

A 

A 
| A 


DWmmW Wh 





BW WwW w 





5 mins. 
5 mins. + 60 mins. 
at 37°C. 
10 mins. 
15 mins. 
30 mins. 


60 mins. 
2, hours 

2 hours + 60 mins. 
at 37°C. 
24 hours 

24 hours + 60 mins. 
at 37°C. 





Degree 
of 
hemolysis 
resulting. 


body 
(test carried 
out as 
described 
in text). 
Percentage 
of hemo- 
globin. 


66 


Smallest volume 
of serum required 


ito lake completely 


1 volume of 5 per 
cent. sensitised 
sheep’s red cells. 





Relative 
amount of 
complement 
present 
in various 
sera. 





12 


100 





1°0 


| 10 vols. gave 


no hemolysis 
2°0 
40 
10 vols. gave 
no hemolysis 
Ditto 








5 mins. 
5 mins. + 60 mins. 
at 37°C. 
10 mins. 
15 mins. 
30 mins. 
60 mins. 


2, hours 


2 hours + 60 mins. 
at 37°C. 
24 hours 

24 hours + 60 mins. 
at 37°C. 











| 10 vols. gave 
no hemolysis 


“4 
10 

10 vols. gave 
| slight 

hemolysis 
10 vols. gave 
| no hemolysis 
Ditto 
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(2) In A, which contains an excess of red cells, immune body is con- 
stantly removed from the serum until after 30 minutes it has almost 
disappeared ; in B, which contains a relatively small concentration of red 
cells, only a small fraction of the immune body is removed after 30 minutes, 
and the fact that this subsequently undergoes no further decrease suggests 
that the red cells must be saturated with immune body after 30 minutes. 

(3) In A, complement disappears from the serum with great rapidity, only 
12 per cent. being left after 5 minutes, 3 per cent. after 15 minutes, and 0 per 
cent. after 30 minutes; in B the disappearance of complement is slower, 60 
per cent. being left after 5 minutes, 30 per cent. after 15 minutes, and 12 per 
cent. after 30 minutes.* 

(4) The fact that in B only about 10 per cent. of immune body is removed 
from the serum, whereas all the complement is removed, indicates that immune 
body is present in the hemoglobinuric serum in amount greatly in excess of 
the complement. 

(5) Notwithstanding complete or almost complete disappearance of immune 
body and complement from the serum in contact with red cells at 0° C., no 
hemolysis takes place at this temperature. After cooling for 24 hours slight 
hemolysis was, however, observed in both A and B, even before incubation at 
37° C.; very little more was obtained after subsequent incubation at 37° C. 
for one hour. 

The general conclusion from this experiment appears to be, therefore, 
that even though immune body and complement are rapidly absorbed from 


hemoglobinuric serum by erythrocytes at 0° C., hemolysis does not take 
place, or does so only with extreme slowness, and to a very slight extent, at 
this temperature. 

With a view to obtaining further information on the subject the following 
experiment was performed : 


Experiment 7.—Serum and washed erythrocytes were prepared from the hemoglobinuric 
patient in the manner already described, and a series of mixtures of serum and red-cells 
made as follows: 

Tubes A, B, C, D and X, each containing serum ‘6 c.c., erythrocytes ‘03 ¢.c. ; tubes E, F 
and Y, each containing serum ‘6 c.c., erythrocytes ‘4 c.c.; tubes X and Y kept at 0° C. 
for five minutes and then at 37° C. for one hour and the degree of hemolysis determined ; 
tubes A, B, C, D, E and F kept at 0° C. for one hour, then Tubes A and F kept at 37°C. 
for one hour and the degree of hemolysis determined; tubes B, C, DB and E centrifuged 
on ice, the serum removed and the erythrocytes washed thrice in iced saline. 

Serum B was tested for complement, which was found to be absent, 20 vols. failing to 
hemolyse 1 vol. of a 3 per cent. suspension of sensitised sheep’s erythrocytes in 1 hour at 
37° C. The mixtures in Table VII were then made and kept at 37° C. for 1 hour and the 
degree of hemolysis determined. (Vide Table VII.) 

The contents of Tube D were now shaken up and divided into two equal parts, D1 and D2. 

D 1 was kept at 0° C. for 5 minutes and D 2 at the laboratory temperature for a similar 

riod ; they were then centrifuged and the saline replaced by an equal volume of normal 
uman serum, incubated at 37° C. for 1 hour. On centrifugalisation the supernatant fluid in 
each tube was found to be red. 


The results obtained in Experiment 7 can be summarised as follows: 
(1) Although no complement is detectable in serum which has stood in 
* Experiments showed that there was no deficiency of complement in the hemoglobinuric 


serum as compared with normal human serum when the two were tested against sensitised 
sheep’s corpuscles, 
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contact with erythrocytes at 0° C. for one hour, yet it does contain something 
which is essential for the production of hemolysis when the mixture is heated 
to 37°C. Apparently, therefore, the complement is split into its two portions, 
mid- and end-piece, the mid-piece* uniting at 0° C. with the sensitised red 
cells, and the end-piece only uniting with the combination sensitised red cells 
+ mid-piece (persensitised red cells) on subsequently warming to 37° C. 

(2) As has been shown in previous experiments, when the proportion of 
serum and red cells are the same as those in the circulating blood, viz. 6+to 4, 
then the amount of hemolysis which results when the cooling is for one hour 
is relatively slight as compared with that obtained when the cooling is for five 
minutes only (1°0 per cent. as compared with 6°6 per cent.). When, however, 
the proportion of serum and erythrocytes is 20 to 1, the amount of hemolysis 
is practically the same whether the cooling be for five minutes or for one hour 
(3°3 per cent. in each case). 


TABLE VII. 








, | | Percentage of hemoglobin in the serum 
Washed erythrocytes. | Serum. | “ after keeping at 37° C. for one hour. 


C 30 
| E 3°3 
| Saline | 0°0 








Xx 
b 
A 
F 





These observations taken in conjunction with the results obtained in the 
previous experiments appear to us to warrant the following inferences : 

(1) Immune body is present in hemoglobinuric serum in large amount ; 
it unites with red cells at 0° C., and if the volume of serum is constant, the 
number of red cells sensitised will, within limits, depend on the number of 
red cells added, e. g. in Experiment 64 many more red cells are sensitised 
than in Experiment 6 B. 

(2) Mid-piece unites with sensitised red cells at 0°C. On comparing 
Experiments 6 A and 6 B it is seen that all the mid-piece is removed from the 
serum in each case, although in Experiment 6a rather more rapidly than in 

* Browning and Watson (*) have previously recorded the fact that when fresh hemo- 
globinuric serum was treated with an equal volume of washed human red blood-corpuscles at 
0° C. for 14 hours certain constituents of the complement were removed from the serum 
along with the immune body by the red corpuscles; as the result of further experiments 
they reached the conclusion that the constituent of the complement fixed at 0° C. was not 


identical with the globulin fraction (mid-piece) obtained by treatment of fresh normal serum 
with carbonic acid gas. 
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Experiment 68. This fact can only mean that the concentration of mid-piece 
attached to each sensitised red cell in Experiment 64 is much less than in 
Experiment 68, as in the latter case the number of sensitised red cells is 
much fewer than in the former. 

(3) On warming to 37°C. end-piece unites with the mid-piece immune 
body red-cell combination (7. e. with persensitised red cells); consequently, 
the concentration of end-piece acting on each red cell will depend entirely on 
the concentration of mid-piece or, in other words, on the number of red cells 
present. 

(4) Assuming that a definite concentration of end-piece (e. g. at least two 
units for each red cell) is necessary for the production of hemolysis, it is clear 
that when the red cells are present in great excess as in Experiment 64 
(serum 6 vols., red cells 4 vols., 7. e. the proportion of serum and red cells of 
the circulating blood), the necessary concentration of end-piece will only be 
found on occasional red cells and hence but slight hemolysis is seen, and 
furthermore, that when the red ceils are present in relatively small numbers 
only, as in Experiment 6 B (serum 6 vols., red cells 0°03 vols.), the necessary 
concentration of end-piece will be found on many red cells and consequently 
much hemolysis results. 

(5) Although the above hypothesis may afford a satisfactory explanation 
why cooling for one hour at 0° C. does not result in appreciably less hemolysis 
than does cooling for five minutes in cases where the concentration of red cells 
is low as in Experiment 6 B, and why the reverse is the case in cases where 
the concentration of red cells is high (Experiment 6 A), yet it does not explain 
the whole of the phenomenon. Reference to Experiment 6 shows that even 
in the case where the concentration of red cells is low, less hemolysis is 
obtained after cooling at 0° C. for two hours than after cooling for five minutes, 
and that after twenty-four hours’ cooling there is relatively slight hemolysis. 
This fact suggests that after dissociation of complement into its two 
components, degeneration of one or both fractions gradually takes place. 

In light of information obtained from Experiments 6 and 7 and from a 
number of similar experiments, we are now in a position to offer some 
explanation of the curious paradox that comparatively little hemolysis results 
after hemoglobinuric blood (or a mixture of hemoglobinuric serum 6 vols., 
and erythrocytes 4 vols.) has stood at 0°C. for half an hour or more as 
compared with that which occurs when the sojourn at 0° C. is for five minutes 
only. 

When hemoglobinuric blood is placed on ice, immune body is rapidly 
absorbed by the erythrocytes until it is completely removed from the serum 
(Experiment 6 A). Complement is dissociated into its two fractions, mid-piece 
and end-piece, the mid-piece uniting with the sensitised erythrocytes. 
Immune body is, however, present in hemoglobinuric serum in amount 
greatly in excess of complement. The result is that when hemoglobinuric 
blood has stood at 0°C. for thirty minutes or more, all the immune body is 
united with the erythrocytes and all the complement is dissociated into its 
two fractions, the mid-piece being diffused over a relatively very large number 
of sensitised red cells. The hemolysis which results when the blood is now 
transferred to the incubator at 37°C. is but slight for the following reasons : 
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(1) Hemolysis is entirely dependent on the reunion of the dissociated 
components of the complement. 

(2) The amount of end-piece which can take effect on any sensitised red 
cell is limited by the amount of mid-piece attached to that cell; and owing to 
the great diffusion of mid-piece amongst a relatively enormous number of 
sensitised red cells, it is usually so small as to be insufficient to provoke lysis. 

(3) Degeneration of one or both fractions of the dissociated complement 
gradually takes place, and consequently the longer hemoglobinuric blood is 
kept at O°C., the less, within limits, is the hemolysis which results on subse- 
quently warming to 37°C. 

When, however, hemoglobinuric blood is kept at 0°C. for but 5 minutes 
a portion only of the immune body is removed from the serum, and conse- 
quently fewer red cells are sensitised; moreover, the complement is not 
completely dissociated into its two components, about 12 per cent. of the 
amount orginally present being still recognisable inthe serum. The hemolysis 
which results when the blood is now transferred from the ice-chest to the 
incubator is relatively great for the following reasons : 

(1) Hemolysis is not entirely dependent on reunion of the two dissociated 
components of the complement, as a certain amount (about 12 per cent.) of 
undissociated complement is still available to exert its hemolytic effect. 

(2) As the number of sensitised red cells is fewer, the amount of mid-piece 
attached to each sensitised red cell is greater, and consequently, on warming 
to 37° C., the amount of end-piece which can take effect on each sensitised red 
cell is also greater. 

(3) The exposure at 0° C. being of short duration, very little or no degenera- 
tion of the fractions of the dissociated complement takes place. 

This hypothesis appears to afford, in our opinion, a satisfactory explanation 
of the results obtained by us in our various experiments—results which at first 
sight appeared anomalous or even contradictory. 


REVERSIBILITY OF THE ERYTHROCYTE-IMMUNE BODY REACTION. 


In view of the fact that erythrocytes (hemoglobinuric or normal human) 
absorb immune body from hemoglobinuric serum at low temperatures only, 
the question arises whether the reaction is “ reversible.’’ In other words, will 
raising the temperature of the sensitised red cells cause the union of erythro- 
cytes and immune body to disintegrate? It has already been shown by 
Landsteiner ('°) that this occurs in the case of auto-agglutinin present in the 
blood of many normal animals, and by Yorke ("') in that of auto-agglutinin 
found in the blood of man and animals infected with trypanosomes. The 
question of the reversibility of the erythrocyte-immune body reaction was 
considered by Donath and Landsteiner (*) in their original paper, but appa- 
rently they arrived at no definite conclusion, as they merely state that if it does 
occur it must do so with extreme slowness. 

Browning and’ Watson (°) studied the question of dissociation of immune 
body at 37°C. in their two cases of paroxysmal hemoglobinuria. Dissociation 
was obtained in one case, but not in the other, and in the first case only when 
the corpuscles used were those of the case itself, and not when they were 
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those of a normal individual. We have examined the point in the following 
experiments : 


Experiment 8.—Hemoglobinuric serum and washed erythrocytes and normal human serum 
and washed erythrocytes were prepared in the usual way. Into each of five tubes A-E 
were put equal volumes of a mixture containing hemoglobinuric serum (4 vols.) and hemo- 
globinuric erythrocytes (1 vol.). The tubes were allowed to stand on ice for 5 minutes. 
Tube A was then placed immediately into a water-bath at 37° C.; intense hemolysis occurred, 
the percentage of hemoglobin free in the serum being 48. Tubes B, C, D and E were 
centrifuged on ice, the sera removed and the red deposits washed thrice with iced saline. To 
each of the deposits 4 volumes of iced saline were then added, and Tubes B and C allowed to 
stand at 37° C. for half an hour, and Tubes D and E at 0°C. for a similar time. At the end 
of the half hour Tubes B and C were centrifuged at 37° C., and Tubes D and E at 0°C., and 
the supernatant salines (digest solutions) removed. The red-cell deposits B and D were then 
examined for immune body by the addition of 4 volumes of normal human serum, and incuba- 
ting at 37°C. for 1 hour; deposits C and E were used as controls (Table VIII a). Digest 
solutions B and D were examined for the presence of immune body by adding to each 1 volume 
of fresh hemoglobinuric erythrocytes, allowing to stand at 0°C. for 5 minutes, centrifuging 
on ice, removing the digest solution, and adding to the red cells 4 volumes of normal human 
serum and incubating at 37°C. for 1 hour; digest solutions C and E were used as controls 
(Table VIII 8). 


TABLE VIII A. 


Red-cell Normal human serum Result after incubating at 37°C. for 1 hour. 


Tube. — “ = Percentage of hemoglobin in the serum or saline. 
8 


ax¢; . Normal human serum . . 
2. s Saline : ‘06 


ae . Normal human serum . 6'3 
oo ; Saline : 0 


TABLE VIIIB. 


Result after standing 5 mins. at 0°C., centrifuging 
on ice, removing digest solutions, adding 
to red cells 4 vols. of normal human 
serum or saline and incubating 
at 37°C. for 1 hour. 
7 


‘ 1 vol. ; Normal serum, 2 

Ce ; Saline, 3 
ae : Normal serum, ‘04 
ie : Saline, 02 


The results obtained in this experiment show that the erythrocyte-immune 
body reaction is reversible, the erythrocytes absorbing immune body at 0°C., 
and disgorging it at 37° C. 

The question was now examined whether the substance present in the 
digest solution was pure immune body or a combination of this with mid-piece. 


Digest 
Tube. solution. 
4 vols. 


Fresh hemoglobinuric 
red cells. 


Experiment 9.—Three tubes, A, B and C, each containing heamoglobinuric serum 4 vols. 
+ hemoglobinuric erythrocytes 1 vol., were kept at 0°C. for half an hour; they were then 
centrifuged, the serum decanted and the red cells washed thrice in iced saline. Red cells 
A, B and C were then digested at 37°C. in 4 vols. of saline for half an hour; the digest 
solution was removed by centrifugalisation and the red cells washed thrice in saline at 37°C. 
Examination of extracted Serum B showed that it contained practically no complement, 
4 vols. of the serum causing only slight hemolysis when added to 1 vol. of a 1 per cent. 
suspension of sensitised sheep's erythrocytes. The digested red cells, the digest solutions 
and the extracted sera were then examined for immune body and mid-piece and end-piece, as 
is shown in the Tables IX a and IX 8. 
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TaBLE IX a.—Showing Result of Examination of Digested Red Cells for 
Immune Body and Mid-piece and End-piece. 
Result after incubation at 37°C. for 1 hour. 


Percentage of hemoglobin in the 
serum or saline. 


A . Normal human serum . 3°2 
B : Extracted Serum A : 2°3 
C : Saline ; 0 


The results show that the digested red cells contained immune body 
+ mid-piece, but no active end-piece. 


Red-cell deposit. Serum or saline. 
1 vol. 4 vols. 


TABLE 1X B.—Showing Result of Examination of the Digest Solutions 
for Immune Body, Mid-piece and End-piece. 


Digest solutions A, B and C (4 vols.) were each added to fresh hemoglobinuric red cells 

(1 vol.) and kept at 0° C. for 5 minutes; then after centrifuging on ice the treated red cells 
were washed thrice with iced saline. 

Result after incubating at 37° C. for 1 hour. 


Treated red cells. Serum or saline. Percentage of hemoglobin in serum or 
saline. 


A . Normal human serum . 2'8 
B : Extracted serum A ; 0 
C ; Saline . 0 


The results show that the digest solution contained immune body, but no 
mid-piece. ; 
In the following experiment the question whether the immune body + 


mid-piece combination became dissociated from the erythrocytes at 37° C. was 
examined in a somewhat different manner. 


Experiment 10.—Two tubes, A and B, each containing hemoglobinuric serum 4 vols. + 
hemoglobinuric erythrocytes 1 vol., were kept at 0°C. At the end of one hour A was 
centrifuged, the serum removed and the erythrocytes washed thrice in iced saline; normal 
human serum (4 vols.) was then added and the mixture kept at 0° C. for one hour, when it 
was again centrifuged, the serum removed, and an additional quantity (4 vols.) of normal 
human serum added. This procedure was repeated until complement (mid-piece) was no 
longer removed from the normal serum, as shown by its hemolytic effect on sensitised sheep’s 
red cells or, in other words, until the sensitised hemoglobinuric erythrocytes were completely 
saturated with mid-piece and failed to take up any more. This condition was not reached 
until the process of adding normal human serum had been repeated six times. When 
hemoglobinurie erythrocytes A were completely saturated with mid-piece (64 hours after 
the commencement of the experiment), they were washed thrice in iced saline, as were 
also hemoglobinuric erythrocytes B which had been standing in contact with hemoglobinuric 
serum during the whole period. 

Hemoglobinuric erythrocytes A and B (1 vol.) were now digested in saline (4 vols.) at 
37° C. for half an hour, and the erythrocytes and digest solutions examined for immune body 
and mid-piece in the manner described in the previous experiment (Tables X A and X B.) 


TaBLE X A.—Showing Result of Examination of Digested Red Cells for 
Immune Body and Mid-piece. 
Red-cell deposit, Serum. Result after incubation at 37° C. for 1 hour. 
1 vol. 4 vols. Percentage of hemoglobin in the serum. 
A : ‘Normal human } : 
A Extracted B 64 
B ; Normal human ; 12 
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TaBLE X3B.—Showing Result of Examination of Digest Solutions for 
Immune Body and Mid-piece. 
Result after incubation at 37° C. for 1 hour. 
Percentage of hemoglobin in serum. 
A ; Normal human ‘ 0 
A ‘ Extracted B ; 0 
B : Normal human : ‘72 


Treated red cells. Serum. 


This experiment shows that the immune body mid-piece combination is 
not disgorged by the red cells on warming to 37° C. 


IS THE AUTOLYSIN THERMOSTABLE OR THERMOLABILE? 


It will be remembered that with regard to this subject different results 
were obtained by Donath and Landsteiner on the one hand and by Widal 
and Rostaine on the other. Two cases examined by Browning and Watson 
illustrate the variability in the thermostability of the hemoglobinuric immune 
body in different cases; after heating at 55°C. for half an hour the serum 
of one case still contained immune body, whilst that of the other possessed 
practically no sensitising action. 


Experiment 11.—Serum and washed erythrocytes were obtained from the hemoglobinuric 
patient and a normal individual in the manner already described. A portion of the hemo- 
globinuric serum was heated to 55° to 56°C. for half an hour. The following mixtures were 
then made and cooled at 0° C. for 5 minutes : 

A. Heated hemoglobinuric serum (4 vols.) + hemoglobinuric erythrocytes (1 vol.). 

B. Heated hemoglobinuric serum (4 vols.) + normal human erythrocytes (1 vol.). 

C. Unheated hemoglobinuric serum (4 vols.) + hemoglobinuric erythrocytes (1 vol.). 

D. Unheated hemoglobinuric serum (4 vols.). Normal human erythrocytes (1 vol.). 

The mixtures were then centrifuged on ice, the serum decanted and the red-cell deposits 
washed thrice in iced saline. To each of the red-cell deposits 4 vols. of fresh normal human 
serum was then added, the mixtures incubated at 37° C. for 1 hour and afterwards centrifuged 
and the percentage of the hemoglobin in the serum determined (Table XI). 


TaBLE XI.—Showing the Effect on Different Occasions of Heating 
Autolysin to 55° to 56°C. for half an hour. 





| Result after incubation at 37°C. for 1 hour. 
Percentage of hemoglobin serum. 


Erythrocyte Normal | Observations made on— 
deposit. human 


serum. - pee 
| Jan. 18th. | Jan. 24th. | Feb. 24th. | May 15th. May 16th. 





1 vol. 


} 
| 


A & | Nil |Deepred| 1° | 
& | 
D 





Deep red| Deep red 
ee os 69 














The results obtained in experiments of this kind were contradictory: those 
obtained on January 18th and 24th showed the autolysin to be thermolabile, 
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whereas those obtained on February 24th, and on May 15th and 16th, showed 
it to be thermostable. We are, at present, unable to offer any explanation 
of these apparent discrepancies, but the general conclusion seems to be 
that heating to 55° to 56°C. for half an hour destroys, in part, at least, 
the autolysin and isolysin in hemoglobinuric serum. 

Similar experiments performed with “ digest solution” (¢.e. the solution 
obtained by extracting sensitised red cells with normal saline at 37°C.) showed 
the auto- and isolysin to be thermostable in every instance. 


CONCLUSIONS. 


(1) In these experiments we have confirmed the work of Donath and 
Landsteiner, Widal and Rostaine, Eason and others, showing that cooling to 
0° C. the blood of a case of paroxysmal hemoglobinuria, or a mixture of his 
serum and erythrocytes, is followed by hemolysis on subsequently warming 
to 37°C. 

(2) The amount of hemolysis resulting from exposure in vitro of hemo- 
globinuric blood at 0° C. for 1 hour is only about 10 per cent. of that obtained 
in vivo by immersing a ligatured finger in ice for 5 minutes. The explanation 
of this is found to be in the fact that the period of exposure at 0° C. in the two 
instances was different, viz. 60 minutes and 5 minutes respectively, this 
factor profoundly affecting the degree of hemolysis. 

(3) The greatest degree of hemolysis in vitro was obtained when the 
heemoglobinuric blood was cooled to 0°C. for 5 to 7°5 minutes, and was about 
10 times as great as that resulting after exposure at 0° C. for half to one hour. 
It is possibly this fact which explains the difficulty experienced by Zinsser ("*) 
and others in confirming Donath and Landsteiner’s observations, in whose 
recorded experiments, as also in those of Widal and Rostaine, the time of 
exposure of the hemoglobinuric blood at 0° C. was at least half an hour. 

- (4) The explanation of the paradox is to be found— 

(i) In the behaviour of the complement, which consists apparently of two 
distinct elements, mid-piece and end-piece, the former of which unites with 
sensitised red cells at 0°C., whilst the latter unites with the persensitised red 
cells only at higher temperatures (37° C.). 

(ii) In the fact that in hemoglobinuric serum immune body is greatly in 
excess of complement, although there is no deficiency of the latter as compared 
with normal blood. Many more red cells are sensitised after an hour’s 
exposure of hemoglobinuric blood at 0° C. than after 5 minutes’ exposure, and 
consequently mid-piece is diffused amongst a correspondingly greater number 
of sensitised cells ; on warming to 37°C. end-piece unites with the persensitised 
red cells, the concentration available for each persensitised red cell depending 
directly on the number of the latter ; when this is very great, as in the case of 
blood cooled at 0° C. for half an hour or more, the concentration is insufficient 
to produce lysis. 

(5) The immune body red-cell reaction is reversible, union taking place at 
0°C., and the combination dissociating at 37°C. The reaction ceases to be 
reversible so soon as mid-piece has united with the sensitised red cells, or, in 
other words, as soon as the red corpuscles have become persensitised. 
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(6) Experiments conducted with the object of determining the effect of 
heat on the autolysin were inconclusive ; on two occasions the immune body 
was apparently destroyed by heating to 56°C. for half an hour, whilst on three 
other occasions its action was only slightly impaired. 
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WHEN a bacterial vaccine is injected into man or other animals it is 
probable that the first stage in the production of the immunity which follows 
the injection is a process of solution of the bacteria. This is necessary in 
order that the antigenic constituents of the bacteria may come into sufficiently 
close contact with the cells. and body fluids to permit of the production of 
the recognised antibodies. 

When carrying out a series of experiments it was noted that if bacteria, 
such as B. typhosus, B. dysenteria, or Morgan’s bacillus, had been thoroughly 
extracted with acetone, by means of a Soxhlet’s apparatus, they became very 
much more soluble in tryptic and other proteolytic ferments. Further, bacilli 
thus treated were in a very convenient form for storage, namely a sterile, dry, 
white powder, which apparently kept its properties unchanged indefinitely. 
It was, therefore, decided to carry out a series of experiments to ascertain if 
vaccines prepared from bacilli which had been thoroughly extracted with 
acetone had equal antigenic properties to those which, for instance, had been 
made by sterilising suspensions in salt solution at the lowest necessary 
temperature, and to investigate in other ways the properties of bacilli thus 
treated. The work was commenced in 1916, but it was interrupted by other 
and more urgent war work, and, in consequence, many experiments which 
suggested themselves could not be carried out. The results, however, are 
sufficiently interesting to be recorded, and form a preliminary to work which 
is proceeding. 


METHOD OF PREPARATION OF THE ACETONE-EXTRACTED VACCINE. 


The bacteria were grown on agar in Roux bottles for twenty-four to forty- 
eight hours, and were washed off with a minimum quantity of salt solution. 
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This suspension was enumerated in the ordinary way against red blood-cells, 
and a small portion was sterilised by heat in the manner usual in the prepara- 
tion of vaccines. This small portion was used as a control vaccine. The greater 
part of the suspension was measured and poured into an excess of acetone. 
The bacteria were precipitated by the acetone, and settled to the bottom as a 
flocculent mass, leaving the supernatant fluid clear. After twenty-four hours the 
clear supernatant fluid was decanted, and the whole mass of the precipitate 
was placed in a Soxhlet apparatus and extracted with acetone for about forty 
hours. The solid mass was then collected from the thimble and allowed to 
dry, protected from contamination, at room temperature, or in the incubator 
at 37°C. The amount of the dried mass was then obtained by weighing, and 
by a comparison with the count which had been made of the portion retained 
for the control vaccine and the original bulk of the suspension the number of 
bacteria per milligram could be estimated. In this way, from the same 
cultures, vaccines containing the same number of microbes could be prepared, 
consisting of heated and of acetone extracted bacteria. It was found that 
1 mgrm. of acetone-extracted typhoid bacilli contained 3900 million bacilli, 
while the same weight of acetone extracted staphylococci represented 4800 
million cocci. 


MICROSCOPICAL CHARACTERS OF THE BACTERIA AFTER EXTRACTION 
WITH ACETONE. 


Typhoid bacilli appeared as clear-cut Gram-negative bacilli. 

B. welchw (twenty-four hours’ growth) showed clear-cut bacilli, for the 
most part Gram-negative, but there were many which retained Gram’s stain. 
There was a marked difference in the reaction to Gram’s stain between the 
living culture and the acetone-extracted bacilli. 

Staphylococci showed little change from their normal appearance. There 
were only a few cocci which did not retain Gram’s stain. 

Streptococci were almost wholly Gram-negative. Their form was preserved. 

Gonococci showed no change. 


EFFECT OF TRYPTIC FERMENTS ON ACETONE-EXTRACTED BACTERIA. 


The trypsin used in these experiments was Allen & Hanbury’s Injectio 
trypsini co. ‘The organisms employed were B. typhosus, B. welchii, Staphylo- 
coccus, Streptococcus, Gonococcus and B. dysenterie, Shiga. 

Serial dilutions were made of a solution of trypsin, and to 1 ¢.c. of each of 
these dilutions was added 1 c.c. of a suspension of acetone-extracted bacteria 
in a strength sufficient to give a very definite opacity to the mixture. Controls 
were put up of the same suspension of bacteria with salt solution instead of 
dilutions of trypsin, and also of trypsin dilutions and living bacteria. These 
controls in every case remained unchanged. The tubes were incubated for 
several hours at 50°C., and the results in respect of the acetone-extracted 
bacilli were as follows : 

Typhoid bacilli were almost completely dissolved in all dilutions of 
trypsin up to 1 in 2560 (the highest dilution employed) in half an hour. 
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Staphylococci were apparently not dissolved, but they were strongly 
agglutinated, even in the higher dilutions of trypsin, this agglutination 
being marked up to a dilution of 1 in 100,000 of trypsin. 

B. welchit was dissolved by trypsin up to a dilution of 1 in 5000. 

B. dysenteri@ and Gonococci were dissolved by the same dilutions of 
trypsin as B. typhosus. 


A COMPARISON OF THE ACETONE-EXTRACTED BACILLI AND HEATED BACILLI 
AS REGARDS THE YIELD OF ANTIBODIES FOLLOWING THEIR INJECTION 
INTO ANIMALS. 


Vaccines of the acetone-extracted bacteria and heated bacteria from the 
same culture.were made of the same numerical strength. The same number 
of the extracted and unextracted bacteria were injected into rabbits, and the 
antibody contents of the sera of these rabbits were tested usually every day. 
The same numerical dose was chosen, as it was desired to ascertain whether 
there had been any destruction in the antigenic power of the bacteria in the 
process of extraction with acetone. It is possible that some of the antigenic 
substance was destroyed, but what remained, being in a more soluble form, 
gave the same result as a larger quantity contained in the unextracted bacteria, 
but in this research a simple comparison of numerically equal doses only has 
been made. Most of the work was carried out with the typhoid bacillus, as it. 
is easier to test the antibodies of this organism than it is of others, such as 
B. welchii. The results obtained are, for the most part, set forth in tabular 
form. 


B. typhosus. 


Two series of rabbits were inoculated with the ordinary typhoid vaccine 
and with acetone-extracted vaccine. The same numerical doses were given 
in each case. Two rabbits in each experiment were inoculated with each of 
the vaccines. The agglutinating, bactericidal power and opsonic powers were, 
. asa rule, tested daily, and the results are set forth in the form of tables. 

In the first experiment one of the rabbits inoculated with the heated 
vaccine died ten days after the second dose of typhoid vaccine (the death of 
the rabbit had apparently nothing to do with the vaccine). 

(a) Agglutination.—It will be seen from Tables I and II that, whereas the 
first injection of 500 millions subcutaneously resulted in a greater production 
of agglutinins when the ordinary vaccine was used, the second injection of 
1000 millions, also subcutaneously, gave the advantage to the acetone- 
extracted vaccine. In the second experiment, where the subcutaneous doses 
were followed by two intravenous inoculations, the ultimate result was exactly 
the same in all four rabbits, so that their serum agglutinated the bacillus in a 
dilution of 1 in 51,200. So far as the agglutinins go, therefore, there did not 
seem to be any difference between the antigenic properties of the two vaccines. 

(b) Bactericidal power.—This was tested in two ways: 

(i) By the method described by. Wright, in which volumes of undiluted 
serum are mixed with similar amounts of varying dilutions of a twenty-four 
hours old broth culture. 
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TaBLE I.—Agglutination of B. typhosus following the injection of heated and acetone-extracted 
vaccines. Injections given subcutaneously, 500 millions on April 17th, and 1000 millions 
on April 27th. The same emulsion, a formolised broth culture, was employed throughout 
the experiments. Readings were made after 1 hour at 50°C. The figures in the tables 
represent the highest dilution giving standard agglutination (Dreyer). 


Heated vaccine. Acetone-extracted vaccine. 


a ~~ aehaee eo EE TIT, 
Date. Rabbit No 1. bbit No, Rabbit No. 3. Rabbit No, 4, 
Aprill17 . . Inoculated with 500 allie bacilli = 
25 . : 400 : 400 200 
400 ; 400 : 200 ‘ 100 
800 400 400 i 
Inoculated with 1000 million bacilli subcutaneously. 
2 : 400 : 
200 : 200 
800 ; 800 
800 : 1,600 
800 ; 3,200 
1,600 ; 3,200 
1,600 ; 3,200 
1,600 ; 3,200 
800 ; 3,200 
800 ; 3,200 
800 : 3,200 
o 400 : 3,200 


TaB.E I].—Agglutination of B. typhosus following the injection of heated and acetone- 
extracted vaccines. Injections of 500 millions and 1000 millions given subcutaneously on 
May 2nd and May 12th respectively, while 1000 millions given on May 24th and June 
13th were administered intravenously. Technique as in the former experiment. 

Heated vaccine. Acetone-extracted vaccine. 


wh bobo bot 
bo SO =1 > Crm COLO «J < o 


——_———————— oan 
Date. Rabbit No 1, Rabbit No, 2. Rabbit No. 3. Rabbit No. 4. 
May 0 0 
9 Inoculated with 500 million bacilli subcutaneously. 
5 80 80 ; 


40 ; 800 ; 200 
400 ‘ 1,600 ; 800 
800 : 3,200 : 800 
800 ‘ 1,600 ; 400 
800 : 800 : 400 
800 P 800 ; 400 


© WsIS orbho ro 


‘ 400 : 200 : 
Inoculated with 1000 million bacilli subcutaneously. 
200 ‘ 400 ; 400 k 
400 : 1,600 : 800 
400 1,600 ; 1,600 


800 : 1,600 ; 1,600 


800 : 1,600 1,600 
1,600 ? 1,600 
Inoculated with 1000 million bacilli intravenously. 
40 ; 


’ ° ’ 


400 800 - 1,600 
800 - 1,600 $200 


12,800 . 6,400 . 3,200 . 12,800 


12,800 . 12,800 : 3,200 . 12,800 


12,800 12,800 3,200 25,600 


Inoculated with 10,000 million bacilli intravenously. 
; 1,600 Pay ong 


51,200 - $1,200 $1,200 - 81,200 
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(ii) By a method which is described as follows : 

Into a series of dwarf test-tubes, similar in size to those used by one 
of us (A. F.) for carrying out the Wassermann reaction with minimal 
quantities of serum, 40 c.mm. of saline solution are placed, with the exception 
of the first, in which is placed 40 c.mm. of undiluted serum. To the second 
tube of the series 40 c.mm. of serum is added, giving 80 c.mm. of a 1 in 2 
dilution of the serum. After mixing, 40 c.mm. of the 1 in 2 dilution is 
removed from the second tube and placed in the third tube, making a mixture 
of 1 in 4 of the serum. This process is continued along the series of tubes, 
40 c.mm. of the dilution contained in the last tube being discarded. As a 
result each tube of the series contains 40 c.mm. of serum varying in strength 
from undiluted, in the first tube, to 1 in 128 in the eighth tube, each one of 
the series being half the dilution of the one next to it. Having made these 
dilutions, 40 c.mm. of a 1 in 100,000 dilution of a twenty-four hour broth 
culture of B. typhosus is added to each tube. After thorough mixing has been 
obtained by tilting the tubes several times, the battery of tubes is sealed with 
plasticine and incubated for two hours at 37°C., so that the bactericidal 
power of the serum may be allowed to act. To ascertain if all the bacilli have 
been killed by any given dilution of the serum a volume of broth containing 
1 per cent. mannitol, and an indicator (the volume employed was 100 c.mm.) 
is added to each tube, and the whole series is again sealed with plasticene and 
incubated at 37°C. overnight.” On examination next day any tube in which 
the bacilli have been killed off will show no change in colour, while those which 
contained living bacilli will be recognised by the change in colour of the 
indicator due to the growth of the survivors and their action on the mannitol. 


TaBLE III.—Bactericidal power (Wright's method). Figures represent the strongest dilution 
of a 24 hours old broth culture killed by an equal volume of serwm. 


Experiment I. Experiment IT. 


Injections: 500 millions April 17th, 1000 millions April 27th, Injections : 500 millions May 2nd, 1000 millions 
subcutaneous, May 15th, both subcutaneous. 


Heated vaccine. Acetone-ext. vaccine, Heated vaccine. Acetone-ext. vaccine. 


— oD AIO Pee ERE NEAR IES 

Date. Rabbit 1. Rabbit 2, Rabbit 3. Rabbit 4. Date Rabbit A. Rabbit B. RabbitC, Rabbit D. 

Apr.17. 100,000 1,000,000 100,000 1,000,000} May 2 1,000,000 1,000,000 80,000 300,000 

,, 18. 1,000,000 1,000,000 1,000,000 1,000,000 4 . 100,000 1,000,000 100,000 58,000 

19 . 1,000,000 1,000,000 1,000,000 1,000,000 5. 1,000 1,000,000 1,000 1,000 

20. 10,000 10,000 1,000,000 106,000 é 10 100 100 =1,000 

ye 1,000 1,000 100,060 § 300,000 ji 10 100 800 

22. 1,000 1,000 10,000 as | i 3 30 800 

24. 100 100 800 ks 10 10 100 

25. 100 100 30 AEA Ss age 10 10 100 

ats 800 100 80 Be ae 10 80 100 

28. 300 30 80 Bre | (eae 100 30 100 

we Ff 100 10 100 wits 100 100 100 
May 1. 300 30 100 
eae 100 30 10 
= as 10 100 30 


Tested by Wright’s method the rabbits in the first experiment showed no 
marked difference whether they were injected with the acetone-extracted or 
the ordinary vaccine, as is seen in Table III. In the second experiment 
there is a slight advantage in the ordinary vaccine (Table III). Tested by the 
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serum dilution method the same slight benefit as regards the ordinary vaccine 
is seen (Table IV). 


TaBLE IV.—Bactericidal power. (Serum dilution method.) Figures represent the dilution 
of serum which killed all the bacilli in an equal volume of 1 in 100,000 dilution of a 
24 hours old broth culture of B. typhosus. 
Experiment I. Experiment IT. 
Injections : 500 millions April 17th, 1000 millions Injections: May 2nd 500 millions, May 15th 1000 
April 27th, subcutaneous. millions, both subcutaneous, May 24th 
Heated vacine. Acetone-ext. vaccine. 1000 millions, intravenous. 
Heated vaccine. Acetone-ext. vaccine. Average of 
se ea ——_-————«< 2 normal 
Date Rabbit A. Rabbit B. Rabbit C. Rabbit D. rabbits. 
4 


© 
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Date Rabbit 1, Rabbit 2. Rabbit 3. Rabbit 4. 

Apr.17 2 2 2 
18 
19 
20 
22 
24 
25 


27 


| ht C9 OD 
D> | DEO 
- hm 09 


Li 


G2 G2 
a 
2 bO BO DO DO DO LO bO bo DO DO HB DOGO OD OD OO 


2 
a 
2 
4 
4 
8 
2 
6 
8 
8 
6 
8 
4 
2 
2 
4 
2 
2 


TABLE V.—Opsonic indices of rabbits inoculated with vaccines made from heated and acetone- 
extracted B. typhosus. Serum heated to 60° C. for 10 minutes. Injections of 500 millions 
and 1000 millions given subcutaneously on May 2nd and May 15th respectively. The 
indices were obtained by using the count obtained from the unheated serum of a normal 
rabbit as the denominator. 

Heated vaccine. Acetone-extracted vaccine. 
le Rabbit 1. Rabbit 2. Rabbit 3. Rabbit 4. 
May 1 0 : 0 : 0 : 0 
, = 0 . 0 ; 0 ; 0 
0 0 ; 0 . 0 
0 ; 0-06 " 0°05 : 0:03 
0 : 0 . 0°04 ; 0 
0°10 ; 015 : 0°12 “ 0°20 
0°35 : 0°30 : 0°36 : 0°48 
0°48 , 0°69 ; 0°53 : 0°75 

0°52 : 0°89 ‘ 0°60 : 0-91 

0°56 : 0°95 : 0°61 : 0°89 

0°78 ; 0°92 ‘ 0°95 : 0:99 

O76 0°91 ;. oe. 1:00 

0°75 ; 0°82 : 0°91 ‘ 1:00 

0°63 : 0°85 : 0°80 : 1:10 

0°53 ‘ 0°81 : 0°79 . 1:23 

0°61 : 0°68 : 0°95 : 0°96 

0°50 é 051 ‘ 0°81 : 0°84 
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(c) Opsonic power.—There were considerable technical difficulties in the 
way of obtaining accurate readings when dealing with the unheated serum, but 
when the serum was heated to 60° C. for ten minutes the test could be more 
accurately made than when the usual technique was employed. From Table V 
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it will be seen that there was not a great difference in the results following 
the two varieties of vaccine, but what difference there was was in favour of the 
one extracted with acetone. 

Summary of the results obtained with B. typhosus.—The results of the 
agglutination tests showed that there was a slight difference in favour of the 
acetone-extracted vaccine. The same result was obtained with the opsonic 
power, whereas in the bactericidal tests there was a slight advantage in favour 
of the ordinary. vaccine. The net result appears to be that there is no real 
difference in the amount of antibodies produced, whether the vaccine is 
prepared in the usual way, or whether acetone-extracted bacilli are employed. 


Staphylococcus. 


One experiment was carried out with this organism, using two rabbits 
inoculated with ordinary staphylococcus vaccine and two other rabbits 
inoculated with acetone-extracted staphylococcus. In neither case could 
agglutinins or bactericidal substances be detected in the serum of the inoculated 
animals. The opsonic power of these rabbits to staphylococcus was tested 
daily, and the results are shown in Table VI. It will be seen that in neither 
case was there a very marked alteration of the opsonic power as a result of the 
inoculations, and while the mean of the opsonic powers of the rabbits 
inoculated with the ordinary vaccine was a little higher after the first inocula- 
tion, the case was reversed after the second inoculation, when the mean of the 
opsonic power of the rabbits inoculated with the acetone-extracted vaccine 
reached a higher level. 


TABLE VI.—Opsonic indices of rabbits inoculated with vaccines made from heated and acetone- 
extracted Staphylococci. Injections of 500 mallions, 1000 miliions and 2000 millions given 
subcutaneously on June Ist, 8th and 15th respectively, and 10,000 millions intravenously on 
June 29th. 


Heated vaccine. Acetone extracted vaccine. 
Tn, CEE AO TRS. 
Date Rabbit 1. Rabbit 2. Rabbit 3. Rabbit 4, 
Junel . . p 1:16 . 1:46 . 1°62 : 1:08 
' ; : 1:03 , 0°92 : 0°48 3 0:97 
1:05 ' 080 ‘ 0:96 ; 0°67 
1:20 ; 0°95 : 090 , 0:97 
1:37 ‘ 1:36 : 1:31 ‘ 1:13 
1-01 > 09 : 1:08 , 1:03 
Ll : 0°69 . 1:07 F 0°83 
0°62 ; 0°56 : 0°66 , 0°88 
0°70 i 0:99 3 1:24 . 1:00 
1:17 , 1:34 : 1:55 ; 1:43 
1:54 : 117 ; 1:20 . 0'9U 
1:38 ? 1:07 ‘ 1:13 : — 
1:80 : 1:04 . 0 F 
115 ; 106 
1:08 : 0:92 
1:10 : 
0°83 
0°88 
1:02 
1:05 
0°76 
0°94 
1:48 
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B. welchit. 


One experiment was made with this organism. The results were, 
however, negative, as no agglutinins or bactericidal substances could be 
demonstrated, and the opsonic results were not satisfactory owing to technical 
difficulties encountered, which had not been overcome when the work was 
discontinued. 


THE USE OF ACETONE-EXTRACTED BACTERIA AS AN ANTIGEN FOR 
COMPLEMENT FIXATION TESTS. 

A large series of experiments were carried out with B. typhosus as the test 
organism in which the acetone-extracted bacilli were compared with living, 
formolised, and bacilli killed by heat. The serum employed in the tests was 
obtained from normal rabbits and also from those which had _ received 
inoculations of acetone-extracted bacilli and vaccine sterilised by heat. 

The result of all these experiments was uniformly in favour of the acetone- 
extracted bacilli. The result of a typical experiment is given below. The 
technique employed was similar to that described by one of us (A. F.) for 
carrying out the Wassermann reaction with minimal quantities of serum. 

The antigens used were (i) a suspension of living B. typhosus, or (ii) a 
suspension of the same strain of bacilli extracted with acetone and of equal 
opacity. Each tube was filled with : 

Complement, 10 c.mm. of fresh normal rabbit’s serum. 

Test-serum, 20 c.mm. of normal or immune rabbit’s serum, which had been 
heated to 56° C. for 30 minutes. 

Antigen, 50 c.mm. of various dilutions of one of the above suspensions. 

After mixing the tubes were incubated for one hour at 37°C., and then 
10 c.mm. of sensitised sheep’s corpuscles were added, and the tubes again 
incubated for two hours at 37°C. 


TABLE VII. 


Acetone-extracted bacilli. Living bacilli. 
Dilutions of antigen. 


Test serum employed. 
: [porate werner nese 


2. 4. 8. 16, 32. Control. | 2. b b 5. 32. Control. 


(1) ImmunerabbitNo1/0.0.0.0.0.C | 
(2) Immunerabbit No.2,;0 .0.0.P.P.C } 
(3) Normal rabbit . fee Os ee. OS Oe 


O indicates no hemolysis. P indicates partial hemolysis. C indicates complete 
hemolysis. AC indicates almost complete hemolysis. 


THE AGGLUTINABILITY OF B. TYPHOSUS AFTER EXTRACTION WITH 
ACETONE. 


Experiments were carried out by making suspensions of equal opacity of 
acetone-extracted bacilli and living organisms obtained from a twenty-four 
hours old agar slope culture of B. typhosus and then adding to these a strongly 
agglutinating serum in various dilutions. The mixtures were then incubated 
at 50° C. for several hours. It was found that, with the acetone-extracted 
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bacilli, there was a great delay in the reaction. After being incubated for one 
hour at 50°C. no agglutination could be detected even in a 1 in 50 dilution. 
After longer periods, however, agglutination took place, but never in such high 
dilutions of the serum as was the case when living emulsions were employed. 


TasBLE VIII. ° 


Dilutions of serum, lin: { 
: a eee aT = Control. 
. | 1600. 


Emuision employed. 


Living B. typhosus 
Acetone-extracted B. typhosus 


THE EFFECTS OF INOCULATING RABBITS WITH ACETONE EXTRACTED 
B. TYPHOSUS, DIGESTED WITH TRYPSIN. 


Only a single tentative experiment was made to ascertain the antigenic 
properties of bacilli which had been digested with trypsin. In this 
experiment one rabbit was inoculated with a dose of undigested acetone- 
extracted bacilli, while four others were inoculated with the same quantity of 
vaccine, which had been digested with 1 per cent. trypsin at 50°C. for 5, 10, 
30 and 60 minutes respectively. One other rabbit was inoculated with the 
same quantity of vaccine which had been kept in the water-bath at 50°C. for 
60 minutes. The agglutinating power of the serum of each rabbit was tested — 
daily for six days, the technique employed being the same as in the former 
experiments, and two estimations were also made of the bactericidal power, 
one before the inoculation, the other on the fifth day after the inoculation. 

The results are shown in Tables IX and X: 


TABLE 1X.—Agglutination power. Injections given on July 12th. The figures given represent 
the highest dilution of the serum which gave standard agglutination after one hour at 50° C. 
in the case of the agglutinating power, and the highest dilution of the serum which killed an 
equal quantity of 1 in 100,000 dilution of a twenty-four hours old broth culture of 
B. typhosus. 


Type of vaccine. 
aa Se ee 
ft ray een Te 
Undineated Digested for Digestedfor Digestedfor Digested for In water-bath 
18 *  § minutes. 10 minutes. 30 minutes, 60 minutes. for 60 minutes, 


0 4 : : 0 : 0 - 0 

0 ; . : 0 : 0 é 0 
20 : ‘ ‘ 5 : ; 20 
80 : ‘ : 10 é : 40 
160 : ; : 10 ; ‘ 40 
800 : : “i: ROO : - 800 


TABLE X.—Bactericidal power. 


Type of vaccine, 
ESL EEE silanes 
A ; . \ 
Undigested. Digested for Digested for Digestedfor Digested for In water-bath 
* 6 minutes, 10 minutes, 30 minutes, 60 minutes, for 60 minutes. 


2 i 2 ? 2 , 2 ; 2 : 2 
4 ; 8 : 8 : 8 ; 4 : 8 
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From these experiments it is obvious that the power of producing 
agglutinins is very considerably reduced by tryptic digestion, while as regards 
the power of producing bactericidal bodies there is no diminution on digesting 
the vaccine for one hour at 50°C. with 1 per cent. trypsin. 


‘CONCLUSIONS. 


(1) Acetone-extracted bacilli form a convenient way of storing bacilli and 
apparently keep their antigenic properties unchanged indefinitely. 

(2) They are very easily dissolved by tryptic and other proteolytic ferments. 

(3) When employed as vaccines, acetone-extracted bacilli appear to have 
antigenic properties fully as great as vaccines made by other methods. 

(4) They also form a very suitable antigen for use in complement fixation 
tests. 

(5) Suspensions of these extracted bacilli are agglutinated by immune sera 
only after a long period and by dilutions more concentrated than is the case 
with suspensions of living or formolised bacilli. 

(6) Preliminary experiments appear to show that acetone-extracted bacilli 
which have been digested with trypsin when injected into animals produce a 
marked increase (equal to or greater than undigested bacilli) of the bacteri- 
cidal power, but the increase of the agglutinating power is very much less 
marked. 
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WHATEVER views are held as to the occurrence in the past of outbreaks of 
Encephalitis lethargica, the pathological study of the malady dates from the 
remarkable outbreak in the winter of 1916-17 described by von Economo.(') 
The clinical symptoms of thirteen cases presenting the phenomena of stupor 
accompanied by disturbances of the ocular muscles were given in detail, while 
von Wiesner (*) made himself responsible for the pathological and experimental 
work carried out on five fatal cases. 

Encephalitis lethargica next made its appearance in England and France. 
In the latter country the disease was studied by Netter (*. ), who recorded 
histological findings identical with those of von Wiesner. In England, in the 
course of the months March to April, 1918, a certain number of cases of an 
obscure disease characterised usually by stupor or lethargy and ophthalmo- 
plegia were reported, early attention being directed to the subject by Harris (°) 
and by Hall.(®) A likeness to the clinical description of ‘‘ botulism” was 
observed in these cases, and the suggestion was hazarded that they were due 
to the consumption of food infected with the B. botulinus of van Ermengem. j 
A detailed investigation of the outbreak was made under the auspices of the 
Local Government Board and the Medical Research Committee with the ‘ 
following results : ! 

In the first place, on the strength of the bacteriological investigations of é 
McIntosh (’), which accorded with the epidemiological inquiries, botulism was a 
ruled out of court as responsible for the outbreak. t 

Secondly, in the histological researches on certain of the fatal cases carried i 
out by McIntosh and Marinesco (°), both workers arrived independently at the 
conclusion that this obscure disease, as it appeared in the outbreak, was | 
identical with the illness described by von Economo in Austria and by Netter 
in France, and that it is a disease anatomically and clinically distinct from 
analogous affecticas. 

An epidemiological research was carried out by James (°) and a clinical 
study was made of the outbreak by MacNalty (**); from independent stand- 
points and by pursuing different lines of inquiry these investigators came to 
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the same conclusion, regarding the disease as did Marinesco and McIntosh. 
Evidence supporting this view was also adduced by Kinnier Wilson ("!) and 
Buzzard (%). 

Encephalitis lethargica appears to be quite distinct from the epidemic 
which occurred in the late summers of 1917 and 1918 in New South Wales. 
Cleland and Campbell ('%) report that microscopical examination of the nervous 
system in the cases showed a general acute encephalo-myelitis. In the autumn 
of 1918 cases of Encephalitis lethargica were recorded in the United States, 
and Bassoe ('*) found the usual pathological picture of the disease. 

The more recent work upon the pathology of Encephalitis lethargica has 
been carried out by McIntosh and Turnbull, Greenfield (*) and Da Fano and 
Ingleby in this country, in France by Levaditi and Harvier, and in the United 
States by Loewe, Hirshfeld and Strauss. 


CERTAIN ANATOMICAL AND PHYSIOLOGICAL CONSIDERATIONS BEARING UPON 
THE PATHOLOGY OF THE DISEASE. 


MacNalty ('°) has offered the following observations relating to the 
pathology of Encephalitis lethargica. 

The preponderating lesion in the disease is usually in the mesencephalon, 
in or about the nucleus of the third nerve. The nucleus of the third nerve 
and certain of its emerging fibres bear intimate relation to the afferent fibres 
streaming towards the thalamic region, neopallium, etc. Hence any illness 
affecting this anatomical localisation of afferent paths is associated with stupor, 
for it involves a blockage of the afferent stimuli. The association of stupor 
and ophthalmoplegia is thus explained. If, however, the chief stress of the 
disease falls outside the third nucleus and its emerging fibres, or if the disease 
terminates too quickly to allow of involvement of the third nerve being 
apparent, in either case there will be interference with the afferent paths 
conveying environmental stimuli, and the phenomenon of stupor or drowsiness 
without localising signs will obtain. This pathological distribution will account 
for two groups of the disease recognised clinically, namely, cases with general 
symptoms and without localising signs, and cases with localising signs in the 
central nervous system. In addition, the explanation is adequate for the 
group of cases with mild or transient manifestations. The anatomical 
localisation is common for all three groups, but in the one last mentioned the 
intensity of the interference is diminished. 

The anatomical relationship of the paths of the rubro-spinal and the 
pyramidal tracts to the nuclei of the third nerve explains the tremors (affection 
of the rubro-spinal fibres) and the presence of Babinski’s sign seen in certain 
cases of Encephalitis lethargica. 

In the group of cases of the disease with nervous localising signs clinical 
evidence shows that certain types occur displaying as a rule stupor but with 
no ophthalmoplegia. Paralytic phenomena are exhibited, one type being 
associated with local lesions of cranial nerves other than the third, the seventh 
nerve being notably affected, and another type with spinal manifestations. 

Pathological evidence furnishes similar proofs to the effect that although 
lesions in or about the nuclei of the third nerve preponderate, yet frequently 
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they are not limited to this region, but may involve or be primary in the 
pons, bulb, the cerebellum (Marinesco), the cerebral cortex, as described by 
Buzzard and Greenfield ('*) and by Watson (**), and, rarely, the spinal cord. 

A series of polyneuritic cases was clinically described in the outbreak 
of 1918. In the absence of pathological information it is uncertain whether 
such cases are anatomically best explained as of mesencephalic origin with a 
secondary toxic effect upon the peripheral nerves, or whether a primary or 
concomitant spinal lesion was present. 

Although, then, the anatomical situation of the lesion of Encephalitis 
lethargica is usually mesencephalic and in or near the nucleus of the 
third nerve, in an individual case the preponderating lesion may be elsewhere 
in the central nervous system, so that to complete the histological study it is 
desirable to make a complete investigation of the brain and spinal cord. 


POST-MORTEM FINDINGS. 


The post-mortem examinations carried out at the Pathological Institute 
of the Vienna University revealed no noticeable changes in the internal 
organs. McIntosh (’), who analysed a number of post-mortem examination 
reports in the English outbreak of 1918, found no macroscopic changes 
present that would be sufficient to account for death. He observed that 
many of the cases showed some congestion of the brain, increase of 
cerebro-spinal fluid, with a dilatation of the vessels of the pons and the 
thalamic region; no actual hemorrhages into the brain-substance were seen 
but two superficial hemorrhages were recorded. 

Buzzard (”) would recognise a group of cases in which the encephalitis 
has its chief incidence on the cerebral hemispheres and in which hemorrhage 
is a conspicuous feature. 


MORBID HISTOLOGY. 


The morbid histology of Encephalitis lethargica has been carefully 
studied by von Wiesner (*), Nette: (*), McIntosh and Turnbull (* and 
Marinesco.(*) Their findings harmvuise with one another, and as a result 
the main histological picture of the disease can be regarded as clearly 
delineated. 

The lesion is definitely inflammatory, and the changes consist of a cellular 
infiltration of the perivascular lymphatic sheaths and of certain areas of grey 
matter (McIntosh). 

There is no marked change in the meninges; insignificant increases of 
the cellular elements of the pia arachnoid, particularly in the neighbourhood 
of the blood-vessels, have been observed. In three cases of Encephalitis 
lethargica examined by Bassoe and Hassin (”) there was a mild lepto- 
meningitis, the vessels of the pia being congested with perivascular infiltra- 
tion with plasma-cells and leucocytes. 

In the brain substance, as already mentioned, the changes are most 
conspicuous in the upper part of the pons and in the basal nuclei. In the 
spinal cord the lesions are very slight or entirely absent. The lesion in 
the grey matter is focal in character; it consists of what von Wiesner terms 





144 A. SALUSBURY MACNALTY. 


“colossal” small-celled infiltration of the perivascular lymphatic sheaths 
and of the parenchyma. Marinesco points out that the endothelium and 
fibroblasts may also have taken part in the inflammatory process. The 
parenchyma may be oedematous; the extent of infiltration here varies 
considerably, but it is usually proportional to the perivascular lesion. 
According to McIntosh, the cellular exudate is composed chiefly of large 
and small mononuclear lymphocytes, along with a certain number of the 
polyblasts of Maximow and a few plasma-cells. In most of the cases the 
small or medium-sized veins were most affected. McIntosh states that 
polynuclear leucocytes of any variety are noticeably absent; von Wiesner, 
in his cases, detected ‘“‘nests’’ or small groupings of polynuclear leucocytes 
in isolated spots of the parenchyma. ‘The extra-adventitial infiltration is 
usually diffuse, but bearing a relation to the perivascular infiltration is largely 
due to emigrated cells in McIntosh’s opinion. At the same time proliferation 
of the neuroglial cells undoubtedly occurs. In certain areas, particularly in 
the basal nuclei and upper parts of the pons, McIntosh found the infiltration 
might be so dense as to form actual foci; such foci resemble those seen 
in the grey matter of the cord in poliomyelitis, but one striking difference 
between the two forms of disease is that in the cases examined in the 1918 
epidemic the ganglion cells were still present in considerable numbers. 
Marinesco describes foci of interstitial inflammation consisting of neuroglia 
cells of various kinds, including large cells with voluminous eccéntric nuclei 
and many fibrillar prolongations, lymphocytes and polynuclears. Such foci 
have been noticed by von Wiesner and Marinesco as sometimes occurring 
in the roots of the cranial nerves, e.g. hypoglossal, pneumogastric. Marinesco 
considers that the interstitial changes may be independent occasionally of 
vascular infiltrations, and Bassoe and Hassin have come to a similar conclusion. 
Both von Wiesner and McIntosh note that there is no special involvement 
of the ganglion cells, which, as a rule, are well defined with the Nissl granules 
present. In the areas of nervous tissue most affected some of the ganglion 
cells may be globular in shape with the chromatin diffuse and some mono- 
nuclear cells in close proximity, but neuronophagia is extremely rare and 
when seen is never marked. 

Marinesco has described degenerative changes in the cells of Purkinjé in a 
case of Encephalitis lethargica in which the cerebellum was involved. 

In a preliminary communication Da Fano and Ingleby ('*) confirmed the 
histological observations of previous workers, but laid stress on alterations in 
the nerve-cells. Their cases of Encephalitis lethargica showed changes 
ranging from slight chromatolysis to complete disappearance of Nissl granules, 
atrophy of the protoplasm and shrinkage, atrophy and final disappearance of 
the nucleus. They also directed attention to the presence of a granular 
pigment-like material occurring within the nerve-cells in places where brown 
or black pigment is not generally found. In a further communication Da 
Fano ('*) reports that within and without the nerve-cells minute forms have 
been observed, to all appearance consisting of a central generally basophil 
particle and of a,delicate little stainable body, irregularly round or oval in 
shape. These he terms “minute bodies.” They are generally discrete and 
provided with one granule, but dumbbell-shaped forms occur, as well as others 
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with two central particles arranged in pairs. A relation, as yet not defined, 
appears to exist between these forms and the granular pigment-like material. 
Similar “minute bodies” have been traced within and without the cells 
infiltrating a salivary gland from an acute case of Encephalitis lethargica. 

After discussing the supposition that such findings might be associated 
with degenerative changes caused by the malady, Da Fano tentatively puts 
forward the suggestion that they may be due to the presence in the tissues of 
a living agent, the cause of the disease, on the analogue of the Negri bodies in 
rabies. 

In this connection one may note that Levaditi, Harvier and Nicolau (*) 
have found in rabbits which have died of Encephalitis lethargica, produced by 
cerebral inoculation, corpuscles in the cerebral tissues which they describe as 
similar to Negri bodies. 

According to von Wiesner and to McIntosh, hemorrhages are usually 
absent in the sections examined. Netter in his series of cases, however, found 
that the grey and white matter might be the seat of numerous hemorrhages 
(“ piqueté hemorrhagique”’). In two brains examined by Marinesco hemor- 
rhagic foci were numerous ; nevertheless the vessel-wall did not appear to be 
necrosed, but sometimes a solution of continuity of the vessel-wall could 
be seen. 

Netter states that the salivary glands in cases of Encephalitis lethargica 
may be affected.() Netter and Durand(**) have examined systematically the 
parotid and submaxillary glands from fatal cases of the disease, and find that 
round-celled infiltrations are very numerous in histological sections of the 
glands. 

Such is the outline of the characteristic morbid histology of Encephalitis 
lethargica. The stages in the development of the lesion require yet to be 
worked out. 

Perhaps the tentative suggestion may be made that the inflammatory 
lesion is somewhat slow of manifestation. In Lereboullet and Hutinel’s 
case (*'), which proved fatal after a week’s illness, the histological findings were 
almost completely negative, although the clinical symptoms were typical ; in a 
case of Encephalitis lethargica without localising signs which proved fatal 
within six days, reported by MacNalty ('°), Graves noted only a few areas of 
round-celled infiltration in the basal ganglia with marked distension of the 
small cerebral vessels suggesting an early stage of the disease; and in four 
of MacNalty’s acute cases from the Derby outbreak, proved experimentally to 
be one of Encephalitis lethargica, McIntosh and Turnbull and Da Fano and 
Ingleby reported negative findings as regards microscopical examination of the 
cerebral tissue. All four cases proved fatal within a few days.(**) 


BACTERIOLOGICAL FINDINGS. 


Examination of material from cases of Encephalitis lethargica during 
life has been undertaken by von Wiesner (*) and by McIntosh.(?) The 
examination of the cerebro-spinal fluid showed no specific changes. In some 
of the cases it was under a slightly increased pressure, and in others there was 
a slight increase in the number of lymphocytes (McIntosh). No organisms 
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could be found in any of the specimens, and the Wassermann reaction, both 
in the cerebro-spinal fluid and the serum of the patients, was negative in 
every case. The blood taken by veni-puncture was in each instance sterile. 
Cultures of the naso-pharynx failed to demonstrate the constant presence of 
any particular micro-organism. From all fatal cases examined by him von 
Wiesner recovered a Gram-positive organism which he termed a diplo- 
streptococcus, but the work of subsequent investigators has not confirmed 
his findings, the prevailing opinion being that he was dealing with a 
contamination. 

Working at the Mount Sinai Hospital, New York, Strauss, Hirshfeld and 
Loewe (*), and later Loewe, Hirshfeld and Strauss (*), have obtained a 
filtrable virus from the naso-pharyngeal membrane of fatal cases of Encephalitis 
lethargica which they regard as the specific agent of the disease. The virus 
has been passed in series through monkeys and rabbits. It can be preserved 
for many months in 50 per cent. glycerol. Ina later communication Loewe 
and Strauss (*°) claim that by means of the ascitic-tissue culture methods 
perfected by Noguchi they have been able to cultivate a minute filtrable 
organism from cases of Encephalitis lethargica ; this organism is present in 
the brain, naso-pharyngeal mucous membrane, naso-pharyngeal washings, 
spinal fluid and blood. A successful growth is usually manifested on the fifth 
to seventh day by clouding of the medium. Transfer to solid media can be 
obtained only with the later generations of the organism. Studics of the fluid 
cultures under dark field illumination reveal the organisms as minute globular 
refractile forms, occurring singly, doubly or in chains and clumps, the latter 
form predominating especially in the older cultures. These bodies show active 
Brownian movement, but no true motility. The organism has an average 
diameter of 0°25 mikrons. The curious statement is made that the organism 
may be Gram-positive or Gram-negative ; it stains by Giemsa and by methy- 
lene-blue. Thalimer (**) claims to have confirmed the work of Loewe and 
Strauss, but otherwise it is at variance with the results of English and French 
bacteriologists. In general it may be said that the remarkable similarity 
between the experiments of these authors and of those who recently claimed 
to have discovered a culturable filter-passing virus as the cause of influenza 
and other diseases enforces an attitude of resérve. Kling and Liljenquist (*) 
in Sweden claim to have found the virus of Encephalitis lethargica in the 
nasopharyngeal secretions and in the intestinal contents, but the evidence on 
which they base their assertion is not yet available. 

McIntosh (8) in 1919 showed by his experimental results that the 
disease was caused by a living virus, in all probability a filtrable virus. 

Levaditi and Harvier (*), from the cerebral and spinal nervous tissue of 
rabbits inoculated with Encephalitis lethargica from human cases of the 
disease occurring in the Paris outbreak of 1919-20, have isolated a filtrable 
virus which can pass wholly or partially through Chamberland filters Nos. 1 
and 3. This causal virus can be preserved for some length of time in 
glycerine, is destroyed at 56°C., is killed by prolonged contact with phenol 
and preserves its virulence for at least forty-eight hours after death. In spite 
of numerous attempts they have not been able to cultivate the organism on 
Noguchi’s medium, but they have succeeded in preserving its virulence 
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at 37° C. in association with cells of the testicle of the rabbit cultivated in 
vitro. 

Attenuated varieties of the organism exist. 

In a communication of recent date, Levaditi, Harvier and Nicolau (°°) 
give some further particulars relative to their experiments with the virus: 

(1) They find that the serum of human subjects convalescent from 
Encephalitis lethargica, although it only rarely and partially neutralises the 
virus im vitro, yet may be shown to possess specific qualities. Two volumes of 
serum (in one instance convalescent serum and in the other normal human 
serum) are mixed with one volume of virus and kept in contact for five hours 
at 37° C! The rabbit inoculated on the cornea with the mixture of virus and 
convalescent serum does not exhibit keratitis and survives, while the rabbit 
inoculated with the mixture of virus and normal serum develops keratitis and 
dies of encephalitis. This may lead to the application of a “ kerato-diagnostic” 
method. The serum of a sheep which has been given subcutaneous injections 
of virulent emulsions of the brains of rabbits dead from Encephalitis 
lethargica is able to neutralise the virus in vitro. It gives a positive Bordet- 
Gengou reaction with the infected brain which is much more intense than 
with the normal brain. Levaditi, Harvier and Nicolau anticipate that this 
serum will enable them to differentiate the virus of Encephalitis lethargica 
from other similar viruses such as rabies and poliomyelitis. 

(2) They find that anesthetics, particularly chloroform, ether and chloral, 
have a manifest and appreciable effect in increasing the pathogenicity of the 
virus inoculated intra-cerebrally. 

(3) They have established the following new properties of the virus: 
(a) Prolonged and intense centrifugalisation of a cerebral emulsion of the 
virus does not deprive the supernatant liquid of its pathogenic power. 

(6) The virus emulsion is still active for intra-cerebral inoculation after 
dilution up to 1/1000 in physiological saline. 

(c) The virus dried in vacuo is still pathogenic after preservation for forty 
days at room temperature. Mixed with milk, it still remains virulent after 
forty days’ preservation under the same conditions of temperature. 

(d) A fragment of virulent brain placed in glycerine does not contaminate 
the glycerine medium or pieces of normal brain or normal kidney with which 
it is placed in contact. This experiment joined to others made with solid 
gelatine covered with virus emulsion proves that the virus is not diffusible. 


EXPERIMENTAL INVESTIGATIONS. 


In 1917 von Wiesner (*), with material obtained from von Economo’s cases, 
produced a hemorrhagic encephalitis ina monkey. He recovered his diplo- 
streptococcus from the brain of the lethargic monkey. Considerable doubt 
remains as to the conclusions to be drawn from this early experiment. 

When studying the outbreak of Encephalitis lethargica in 1918, 
McIntosh (7) inoculated, intracerebrally, material from eight of the fatal 
cases into Macacus rhesus monkeys, and clearly showed the relative insuscep- 
tibility of this monkey to the virus as compared with that of poliomyelitis. 
In no case did any definite paralysis develop. Then in 1919, Strauss, 
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Hirshfeld and Loewe produced an acute encephalitis in monkeys by intra- 
cerebral inoculations of material derived from cases of Encephalitis lethargica. 
The type of lesion observed and the short incubation period suggest that 
in all probability these workers were dealing with another infection. Later 
they successfully transmitted the disease to rabbits and to monkeys. 

In 1919 McIntosh succeeded in transmitting Encephalitis lethargica to a 
Patas monkey. In August of that year an institutional epidemic of 
Encephalitis lethargica occurred in a home for girls at Derby.(”) Out of 
twenty-one inmates of the home there were twelve cases with five deaths. <A 
Patas monkey, inoculated by McIntosh with material from one of the fatal 
cases, presented lethargic symptoms and tremors and died. On examination, 
Turnbull (*") found that the monkey’s brain showed lesions similar to those 
found in human cases of Encephalitis lethargica. The monkey was inoculated 
intra-cerebrally and intra-peritoneally. Pieces of the cervical cord, pons and 
basal nuclei, each about the size of a large pea, were placed in a conical glass 
vessel, and, after the excess of glycerine had been washed off with sterile saline, 
were pounded up by means of a glass rod. The pounded material was then 
emulsified in 20 c.c. of sterile saline. About 10 c.c. of this emulsion was 
diluted with saline until it could be drawn through a Berkefeld filter with the 
aid of an exhaust pump. The Pdatas monkey was injected with the filtered 
emulsion. Subsequently McIntosh and Turnbull (*8) have reported the 
successful transmission in series of experimental Encephalitis lethargica to 
monkeys and rabbits, which has completed the evidence necessary to show that 
the disease is caused by a living virus. Additional proof was provided by the 
spontaneous infection with Encephalitis lethargica of a Macacus cynomolgus 
monkey kept as a control along with an inoculated monkey. 

As McIntosh and Turnbull pointed out, this was the first indisputable 
occasion upon which experimental transmission of Encephalitis lethargica to 
an animal was successful, and the experiments indicate therefore a conspicuous 
advance in our knowledge of the disease. 

Commencing experimental researches in December, 1919, Levaditi and 
Harvier (**) for some time essayed without success to transmit Encephalitis 
lethargica to monkeys and rabbits. In February, 1920, they succeeded by 
using an emulsion of cerebral and spinal tissue, obtained from a fatal case of 
the disease, in transmitting the malady toa rabbit. As already mentioned, by 
this experiment they obtained a specific filtrable virus which they regard as 
the causal agent of the disease, thus confirming the experimental results of 
McIntosh. 

Levaditi and Harvier state that this virus is pathogenic for the rabbit and 
guinea-pig but it is either slightly virulent or non-virulent for the monkey. 
The lesion which this virus produces in the affected animals and also the 
symptoms of the experimental disease are practically identical. with those in 
the human subject. They find that Encephalitis lethargica may be trans- 
mitted to the rabbit intra-cranially, through the orbit and by inoculation of 
the virus into a peripheral nerve such as the sciatic. The virus is harmless 
when injected subcutaneously, intravenously, into the peritoneum, into the 
trachea, into the alimentary canal or into the parenchyma of the salivary 
gland; if injected into the testicle, however, it produces Encephalitis 
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lethargica in the experimental animal, and retains its virulence in the testicle 
for at least seventeen days. Levaditi and Harvier further find that the intact 
nasal mucous membrane offers a barrier to the penetration of the organism, and 
that this protection is only overcome when the nasal mucous membrane is 
injured and inflamed. The organism follows then, probably, the ascending 
path of the olfactory nerves in order to reach the brain. The virus exists in 
the cerebrum and in the spinal cord of the subjects of Encephalitis lethargica 
but is absent from the blood, cerebro-spinal fluid and the organs of the body, 
including the salivary gland. 

Netter (*°), from his histological observations, considered that the virus 
was probably present in the salivary glands, and that the saliva was the 
chief source of infection. Levaditi and Harvier consider that the chief 
route of infection is by way of the naso-pharynx. In addition to the 
above important findings they have also conducted certain immunological 
experiments. They find that there is no spontaneous cure in the experi- 
mentally-produced malady, and consequently no succeeding refractory stage ; 
nevertheless, immunity can be artificially established by living or dead 
vaccines ; it is not an absolute immunity, but is manifest to a sufficient extent 
to permit of further researches into the subject. The serum of vaccinated 
animals as a rule is neither endowed with microbicidal properties i vitro 
nor can it act prophylactically. The same usually holds true of the sera 
of persons convalescent from Encephalitis lethargica, according to Levaditi 
and Harvier’s studies. This lack of protective value in the sera of these 
patients has been confirmed by Amoss.(*°) In his tests he used the blood- 
serum of four cases, one serum being taken from a patient convalescent in 
the fifth week of the disease, the second in the fourth month, the third in 
the fifth month, and the fourth from a patient fifteen months after the 
attack. He compared his results with controls and with the effect of sera 
from poliomyelitis patients which protected against inoculation with the 
virus of poliomyelitis. 

The following table summarises the important pathological points of 
differentiation between Encephalitis lethargica and Acute Poliomyelitis 
(Heine-Medin Disease). 


Differentiation between Encephalitis lethargica and Acute Poliomyelitis. 


Acute poliomyelitis. Encephalitis lethargica. 
Histology. Dis- They are most extensive in the spinal They are most extensive in the. 
tribution of cord (affecting the anterior cornua), basal nuclei of the brain ; nearly 
the lesions. and become progressively less so equally so in the upper part of 
upwards to the brain. The pia the pons; much less extensive 
arachnoid is frequently involved. in the medulla; absent or very 


slight in the spinal cord. The 
pia arachnoid is only slightly 


involved. 
Character of Plasma-cells less frequent; poly- Plasma-cells numerous; poly- 
the infiltra- nuclear leucocytes more frequent. nuclear leucocytes rare. 
tion. Hemorrhages common and obvious, Hwemorrhages not common and 


—_w the grey matter of the cord microscopic. 
pink. 
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Changes in the 
nerve-cells. 


Bacteriology. 
Virus. 


Localisation of 
virus. 


Transmission 
to animals. 


Immunity. 
Active 
immunity. 


Passive 
immunity. 


Cross- 
immunity 
experiments 
(Amoss). 


A. SALUSBURY MACNALTY. 


Acute poliomyelitis. 


Degenerative nerve-cell lesions, pro- 
nounced (neuronolysis). Motor 
cells surrounded and _ infiltrated 
with partially phagocytic round- 
cells and finally destroyed com- 
pletely, leaving in their place a 
heap of round-cells (neuronophagia). 


A filtrable virus readily passing 


through Chamberland, Berkefeld, 
Reichel or Pukall filters (Flexner, 
Lewis, Leiner and _ Wiesner, 
Levaditi and Landsteiner). Re- 
sistant to freezing and to glycerine. 
Dried in vacuo (away from light) 
at room temperature it is potent 
for four weeks (Romer and Joseph). 
Heating for 30 mins. at 45°-55°C. 
destroys it. Appears to be des- 
destroyed by potassium perman- 
ganate, by hydrogen peroxide, by 
formaldehyde, by 1 per cent. 
thymol and by three days’ contact 
with 0°5 per cent. phenol. 


In brain, spinal cord, cerebro-spinal 


fluid, mesenteric glands, tonsils, in 
mucous secretions of naso-pharynx, 
trachea and intestines. Also in 
dust of rooms. 


Virus readily transmissible to 


monkeys. Not easily transmissible 
to rabbits. 


Early appearance of immunity after 


attack of poliomyelitis. Animals 
immunised by gradually increas- 
ing doses of fully virulent cord 
(Flexner and Lewis). Monkeys 
actively immunised by a mixture 
of virus and immune serum (Land- 
steiner and Levaditi and Romer 
and Joseph). 


Serum of animal immunised against 


poliomyelitis possesses capacity of 
inactivating the virus in_ vitro 
(Levaditi and Landsteiner, Rémer 
and Joseph, Flexner and Lewis). 
Immune serum protects animals 
against inoculation with virus, 
serum of convalescents protects 
against poliomyelitis. 


Serum of subjects of poliomyelitis 


does not protect against Encepha- 
litis lethargica. 


Encephalitis lethargica. 


Perivascular infiltration is the 
dominant lesion. Degenerative 
lesions are less pronounced. As 
a rule the ganglion-cells are 
not much affected; they remain 
present in considerable numbers, 
are usually well-defined and 
with the Nissl granules present ; 
Neuronophagia is very rare and 
when present is not marked. 

A filtrable virus passing wholly or 
partially through Chamberland 
filters (McIntosh, Levaditi and 
Harvier) can be preserved for 
some length of time in glycerine. 
Dried in vacuo at room tempera- 
ture it is potent for forty days 
(Levaditi, Harvier and Nicolau). 
Destroyed at 56°C.; killed by 
prolonged contact with phenol. 
Preserves its virulence for at 
least forty-eight hours after 
death. Virulence preserved at 
37°C. in association with cells 
of the testicle of the rabbit 
cultivated zn vitro (Levaditi and 
Harvier). It is not diffusible. 

Exists in brain and spinal cord. 
Absent from blood, cerebro- 
spinal fluid and organs of the 
body (McIntosh, Levaditi and 
Harvier). 

Virus transmissible with difficulty 
and only from acute cases of the 
disease. Pathogenic for rabbit 
and guinea-pig; slightly virulent 
or non-virulent for the monkey 
(Levaditi and Harvier), but 
virulent for certain species of 
monkeys (McIntosh). 

No spontaneous cure in the ex- 
perimentally produced malady 
(Levaditi and Harvier). 


Serum of animals vaccinated with 
the virus is, as a rule, neither 
microbicidal in vitro, nor can it 
act prophylactically. This is 
true also usually of sera of con- 
valescent patients (Levaditi and 
Harvier). 


Serum of subjects of Encephalitis 
lethargicu does not protect 
against poliomyelitis. 
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CONCLUSION. 


The claims of Encephalitis lethargica to be regarded as an independent 
disease with a lesion hitherto undescribed by pathologists appear to be sufficiently 
well established. To this statement there is perhaps one exception. It is 
possible that paralysis agitans, or at all events certain cases of this disease, 
are subsequent or chronic manifestations of an unrecognised attack of 
Encephalitis lethargica. The site of election of the lesion is to some 
degree similar in the two diseases; the clinical symptoms of Encephalitis 
lethargica, for example the mask-like face, resemble Parkinson’s disease ; 
more convincing still, symptomatic paralysis agitans has been described by 
§. A. Kinnier Wilson (*!), O. Crouzon (*) and others as following on Ence- 
phalitis lethargica, although Pierre Marie and Mlle. G. Lévy () consider 
chronic paralysis agitans should not be identified with such symptomatic cases. 

The histological findings in Encephalitis lethargica are indicative of a 
characteristic inflammatory lesion ; it is distinct, for example, from the polio- 
encephalitis of Wernicke, which is of toxic origin. The bacteriological and 
experimental results indicate that the causal organism is a filtrable virus 
present in the tissues of the central nervous system which can be experi- 
mentally transmitted in series to monkeys and rabbits. 

The pathology of Encephalitis lethargica is distinct from that of polio- 
myelitis and of the encephalitis of influenza. In the latter malady the 
anatomical features are invariably those of an acute hemorrhagic encephalitis. 
The lesions, as Mott (*) and Marinesco (°) point out, present a striking 
similarity to those of the encephalitis of African sleeping-sickness due to 


trypanosome infection. Changes of an inflammatory nature in the grey 
matter of the brain are produced, and thus Encephalitis lethargica is comparable 
to the infections of syphilis, sleeping-sickness, rabies and poliomyelitis. 
Although comparable to these maladies in its pathological modus operandi, the 
weight of evidence has demonstrated the independent character of the 
disease. 
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THE present apparatus is an improved form of McIntosh and Fildes’ 
anaérobic jar (»* *). It is more 
convenient in working and permits 
the action of the palladium-asbestos 
to be continued indefinitely to remove 
final traces of oxygen which have 
diffused out of the media. 

The general arrangement will be 
seen in Fig. 1, and the details of the 
electric heater, diagrammatically, in 
Fig. 2. 

The jar is used in the following 
way : 
(1) Clean the opposing surfaces 
of lid and jar carefully with xylol. 
Smear on each a little tallow. This 
should be the best and hardest 
obtainable, and should be melted ‘to 
allow grit to separate and then the 
supernatant stored in a small Petri 
dish. Also grease the tips and threads 
of the needle-valves. 

(2) Place the culture-tubes inside 
with some lint at the bottom to 
prevent breakage. 

(3) Prepare three stock bottles: 


NEEDLE 
VALVE 
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(a) N/10 NaOH 6 c.c., water to 100 c.c.; (6) 4 per cent. watery methylene 
blue 3 c.c., water to 100 c.c.; (c) glucose 6 grm., water to 100 c.c., and a small 
crystal of thymol. On each occasion of closing the jar, mix equal volumes of 
a, b and ¢ in a test-tube, boil thoroughly till reduced, and without delay place 
this tube in the jar as an indicator. 

(4) Immediately “‘screw”’ on the lid and blow anal hydrogen from 
a cylinder for half a minute. 

(5) Shut off both valves firmly and attach the terminals to the electric 
supply through resistances as follows: 240 volts, three 16-c.p. carbon lamps 

in parallel ; 200 volts, two 16- and 
_/TERMINALS~..__ one 8-c.p.; 100-110 volts, one 16- 
Wiis and one 8-c.p. lamps in parallel. 
(6) In a: short time dew will 
appear on the walls of the jar. 
After ten minutes there will be a 
negative pressure inside and more 
hydrogen may be added. The 
hydrogen cylinder should be pro- 
vided with a reducing valve to 
deliver at the lowest possible 
es. pressure, and a mercury gauge to 
STEATITE show the actual pressure in the 
Fie. 2. delivery pipe when connected with 
the jar to facilitate control. The 
current should be continued for half an hour, and during this time and 
subsequently the methylene-blue tube should remain colourless except for a 
slight tinge at the top which slowly disappears. 

For satisfactory working the jar must be absolutely tight. If a few drops 
of ether are placed inside and the lid is then put on, no bubbles should escape 
if the jar is submerged in warm water. 

If greater degrees of anaérobiosis are required the heater can be kept 
active by running the current continuously or at intervals after the jar has 
been placed in the incubator. 

The apparatus is supplied by Messrs. J. J. Griffin & Sons, Ltd., Kemble 
Street, Kingsway, London, W.C. 2. 
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In the Journal of Pathology and Bacteriology, 1909, 13, p. 28, C. Rowntree 
has recommended liquid paraffin instead of the ordinary cedar oil for immer- 
sion lenses. This, however, cannot be done without considerable detriment to 
the microscopic image since the refractive index of liquid paraffin is only 1°471, 
while that of the specially prepared oil for immersion lenses is 1°515, in 
accordance with which such objectives are constructed. 

An immersion fluid, similar to liquid paraftin, would nevertheless be a great 
boon on account of sundry disadvantages attaching to cedar oil. The latter is 
very often so thick that it impedes the microscopic examination of bacteria 
suspended in water or in watery media. It is frequently necessary to fix the 
coverslip in some way to avoid the disturbance caused by the moving up and 
down when focussing, which renders the observation of individual bacteria 
impossible. A limpid immersion fluid also which does not dry on the lenses 
and slides would be very acceptable. 

Paraffin, which otherwise affords the required conditions, produces too 
great a deterioration of the microscopic image, as already mentioned. 

After vainly searching for another liquid with a more suitable refractive 
index, it occurred to me that it might be possible to employ another substance 
with the same characteristics, but having a greater refractive index, which 
by mixing with paraffin might make it suitable. 

My search led me to try a-bromnaphthalene, originally introduced into 
microscopy as an immersion fluid for use with specially constructed objectives. 
This is a thin liquid, almost colourless, and, so far as I know, harmless to 
lenses ; while it has such a high boiling-point that inspissation does not occur 
at ordinary temperatures. Its refractive index is 1°656. 

I prepared a mixture of bromnaphthalene and liquid paraffin which had the 
same refractive index as ordinary immersion oil. By experiment I found that 
about twenty-four parts of bromnaphthalene must be mixed with seventy-six 
parts of paraffin, but these quantities are only approximate, and in every case 
where greater accuracy is required the optimum mixture must be found 
experimentally by gradually adding the bromnaphthalene very carefully towards 
the end, as a single drop makes a distinct difference. It is much better if one 
can measure the refractive index with a refractometer, but a glass rod moved 
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about in the fluid can also be used, the outline of which disappears when the 
correct mixture is obtained. Still better than the ordinary liquid paraffin is 
the American preparation “ Nujol,” which is thicker in consistency, and only 
requires the addition of about 12 per cent. bromnaphthalene to adjust it to the 
correct refractive index. 

The mixture does not possess, in all respects, the same optical properties 
as genuine immersion oil, its dispersion particularly is somewhat different, but 
this is not observed in ordinary microscopic work. Even when using 
apochromatic objectives one has to observe very carefully and use the finest 
tests to detect any difference. 

I have now used this fluid daily for about four years with immersion lenses 
of Zeiss, Leitz and Seibert, achromatic and apochromatic, and have always 
been satisfied with it. We have used it in our laboratory classes with great 
success, as students are far from careful with the microscopes placed at their 
disposal. They seldom return the stopper to the bottle of immersion oil, nor 
do they, as a rule, clean the lenses and slides. Also, from want of practice, it 
is difficult for them to see the form of bacteria when the latter are subjected 
to the slightest movement. Moreover, when used with preparations without a 
coverglass this immersion fluid has not the slightest effect even on such delicate 
stains as Romanowsky’s (Leishman’s, Giemsa’s, etc.). It may be allowed to 
remain on the slide for months without any fading of the stain being observed. 
It is very easily removed from fresh or old preparations, whether it has been 
just put on the slide or whether it has been there a long time ; it does not dry 
up. If one cannot wipe it away with a cloth for fear of injuring the specimen, 
it may be easily washed away with xylol. 

In my opinion it has only one objection—it smells a little of bromnaph- 
thalene, but it is really not a disagreeable odour. 

To sum up the advantages of this fluid—it is thin in consistency, remains 
unchanged for months even in an open vessel, it does not dry on the slides or 
lenses, it does not influence the most delicate staining, and it is cheap to use. 

It can be obtained from G. T. Gurr, 35, Perrymead Street, London, S.W. 6. 








